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THE LUXOID MUTANT 


Figure 1 


1 shows a C3H mouse of the genotype /u/u. B shows the right hind 
the offspring of the first backcross of /u into C57BI 





LUXOID — A NEW HEREDITARY LEG AND 
FOOT ABNORMALITY 


In the House Mouse 


MARGARET 


N 1950 three litter mate mice with 

deformed hind legs and feet were 

born in a subline of C3H mice main- 
tained at The Ohio State University. In 
external appearance the abnormality 
strongly resembled luxate (/1)? and like 
lr, proved to be due to a single gene. 
When subsequent tests showed that the 
gene was not an allele of ly it was named 
luxoi@, symbol /1. 

Mutations which occur in an inbred 
strain are particularly favorable for 
study of the mode of action of genes, 
because animals carrying the mutant 


gene and animals not carrying the gene 
are alike with respect to all loci except 
the one in question. Any consistent dif- 
ferences between the normal and mutant 
types can be attributed to the action of 


the gene. It was planned, therefore, to 
maintain Ju in the C3H strain in which 
it had arisen. This proved to be a diffi- 
cult task, however, because the abnormal 
mice (/ulu) were almost completely in 
fertile and the heterozygotes were indis- 
tinguishable phenotypically from normal 
The fact that lr was semidominant on 
most genetic backgrounds suggested that 
the same might also be true for /u. Mice 
carrying /u were therefore outcrossed to 
BALB/c and C57BL. The offspring of 
the cross to BALB/c were all normal 
but some of the offspring of the cross to 
C57BL ‘ad polydactylous hind feet 
These were shown to be heterozygous 
for the new mutation, which was there 
after maintained by backcrossing into 
the C57BL strain. The original plan of 
studying the action of /u in the strain of 
origin was then abandoned and the C3H 
line carrying the mutation was discon- 
tinued. By this time, however, a number 
of C3H mice both homozygous and het 


erozygous for /u had been obtained, and 


*Department of Zoology and Entomology 
{ am greatly indebted to Dr. E. L 
and to them and to Dr. T. C 


C 


The Ohio 
Green and Dr 
Carter for much helpful dis« 


9] 


GREEN* 


they in no case: contradict the evidence 
on the effects of /u obtained from the off- 
spring of backcrosses to C57BL. 

In spite of the superficial resemblance 
between them, /u and Ly differ in a num- 
ber of important respects, particularly in 
their effects on the axial skeleton. The 
effects of /u are more extensive than and 
in the opposite direction from those of 
lx. This paper presents (1) the evidence 
that Ju is a single Mendelian gene, (2) 
the evidence that it is not linked with Lr, 
nor with a; (3) a description of the 
effects of Iu, and (4) a description of 
some of the interactions of /u and la 


Materials 


The C3H strain in which /u originated 
was obtained from Dr. L. W. Law at 
the National Cancer Institute in 1948 
It was derived from the C3H/He sub 
line maintained by Dr. W. KE. Heston 
and is predominantly a 13 rib, 26 pre 
sacral vertebra strain.’ The first luxoid 
mice to appear were in the ninth genera- 
Phe 


Was 


tion of brother-sister mating bred at 
Ohio State University. Luxoid 
transferred to C57BL by crossing a C3H 
female known to be heterozygous for lu 
In subsequent genera 
tions polydactylous offspring 
were mated to pure C57BL males. In 
addition, polydactylous sib pairs were 
mated together in each generation to 
produce homozygous luxoid mice. The 
C57BL strain had been obtained from 
the Roscoe B Jackson Memorial Labo 
ratory in 1948 and was descended from 
subline C57BL/10Jax 

‘The lr mice used in this 
descended from a female 

for lr which was very kindly 
by Dr. T. C. Carter. It was 

in the 12th generation of bac 


toa C57BL male 
female 


study 
heterozvgous 


were 
sent to us 
in ollspring 


crossing of 


Ohio 
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orsthoefel for reading the mz 
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ussion and encouragement 
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lx into strain CBA. Since the genetic 
background strongly influences the ex- 
pression of both lu and lx, and since the 
extent of overlapping of the homozygous 
and heterozygous expressions of neither 
gene was known, the test for allelism 
would have been difficult, if not impos- 
sible, when carried out in a cross be- 
tween strains. How other segregating 
genes might influence the expression of 
the principal genes under consideration 
was unknown. To put lx and /u on the 
same hackground, lr was also back- 
crossed into C57BL. The test for alle- 
lism could then be made when the pheno- 
types of both genes in the heterozygote 
and the homozygote were clearly identi 
fied. Offspring of the sixth and subse 
quent generations of both backcross lines 
were crossed, 

To provide homozygous lalx mice for 
comparison with /ulu, polydactylous sib 
pairs from each generation of backcross 
ing of lr into C57BL were intercrossed. 

In the tables the mice referred to as 
C3H are pure C3H. Those referred to 
as C57BL are offspring of the first to 
ninth generations of backcrossing lu into 
C57BL together with intercrosses be- 
tween heterozygotes made in each gen- 
eration. While they are therefore not to 
be regarded as isogenic with C57BL, 
there was little change in the effects of 
lu after the first generation. As previ- 
ously mentioned, +-lu mice are nearly 
always normal in appearance on a C3H 
background, Although a number of 
normal mice in this strain were known 
from breeding tests to be heterozygous, 


and 
and 


TABLE 1. Frequency of normal, polydactylous, 
hemimelic mice produced by matings in C3 
CS7BL 


Phenotype 


Hemi 


melic 


Nor 
mal 


Strain Mating Poly Total 


hemimelic * normal* 2 6 
normal* 19 91 


CiH 


normal* 


CS7BL poly X poly 


75 
290 209 


normalt X poly 499 


*Known to have produced at least one hemimelic offspring 
Test offspring included in table 
tPure CS7BI 


of Heredity 


records are available on the skeletons of 
only three. They are therefore grouped 
with the homozygous normal and un 
tested mice in the tables. The description 
of the heterozygotes is based almost e1 

tirely on offspring of the backcrosses 
into C57BL and of the subsequent inter 
crosses. The mice which were used for 
describing the effects of lr are the off 
spring of the first to eighth generations 
of backcrossing into C57BL and of the 
subsequent intercrosses. The anatomical] 
descriptions of the leg and foot abnor 
malities are admittedly preliminary. For 
purposes of identification they are in- 
cluded here, even though brief and in- 
complete. 


Genetics 
Inheritance 
Two kinds of abnormal mice could be re 
ognized: (1) those with no abnormalities oth- 
er than the presence of extra toes on the pre- 
axial side of the hind feet, or with an abnor 
mally long first toe (Figure 1B); or (2) those 
with abnormal or extra toes on the preaxial 
side of the hind feet, and the hind leg twisted 
so that the feet are held in an abnormal posi 
tion (Figure 14). Inthe second type the twist- 
ing was found to be due to reduction in size 
or absence of the tibia (tibial hemimelia). The 
first type is referred to as polydactylous, or 
simply poly, and the second as hemimeli: 
Table I gives the results of various types of 
matings in both C3H and C57BL. The mice 
were classified at birth. The segregations of 
the hemimelic form are in good agreement 
with expectation on the hypothesis that it is 
homozygous recessive for /u (C3H, y?2 = 0.82 
C57BL, x? 2.29; y2(1, 0.05) 3.84). The 
deviations are in the direction expected if 
viability of /ulu were slightly reduced. The 
expectations for the C3H matings were calcu 
lated without any correction for the probability 
that some matings between heterozygotes wer 
excluded because they failed to produce abnor 
mal offspring. It is unlikely that this intro 
duces any serious error, however, because most 
matings were tested with at least 10 offspring, 
and frequently with more. Any such errors 
would lead to an overestimate of the viability 
relative to 


of hemimelics normals 


polydactylous, and 
between +/u and 


Freauency of normal, 
offspring from crosses 


TABLE Il. 
hemimelic 





Green: 


HIND FEET OF 


Figure 2 


+Lt 


! shows the right, polydactylous foot of a 
+/u C57BL mouse. B shows the left, normal 


toot 


he segregations of the polydactylous form 
with the hypothesis that it is hetero 
zygous for lu and that penetrance is incom 
plete and dependent on the genetic background 
In C57BL all matings between polydactylous 
mice produced the three expected types of off 
spring, and all matings between polydactylous 
and pure C57BL produced only normal and 
polydactylous types. This is regarded as ade 
quate evidence that the polydactylous mice are 
in fact heterozygous. In C57BL none of the 
normal mice of possibly heterozygous genotype 
was tested genetically, but in C3H 
hown | 


agree 


12 normal 
mice were y genetic test to be hetero 
zygous 

A estimate of the penetrance of lu in the 
heter. zygote is obtainable from the ratios of 
normal to polydactylous in the 
and | C57BL the 
likelihood estimate using the combined data is 
0.77. The test for homogeneity, however, re 
veals that the backcrosses 
different estimates (2 6.68, x21, 0.01) 
6.64). An inspection of the numbers of normal 
and polydactylous offspring tabulated by gen 
eration that the ratios varied in an 
erratfc way in the backcrosses, but that the 
proportion of polydactylous mice in 
systematically in the intercrosses. The figure 
0.77 for the penetrance of +/u in C57BL is 
therefore not to be taken too seriously. It is 


probably an underestimate. The penetrance 


intercrosses 


vackcrosses. In maximum 


and intercrosses give 


shows 


reased 
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of +/u in C3H estimated from the 
of the intercrosses is 0.02 + 0.02 


offspring 


Allelism and Linkage 

To test for allelism of /u and Lr, mice hetero 
zygous for the two genes were mated. Some 
matings between homozygotes were attempted 
but none was fertile. The results are given in 
Table II. In the F, there were three kinds of 
mice: normal, polydactylous, and hemimeli 
The hemimelic mice constitute about one 
fourth of the total (x? 0.10, x*(1, 0.05) 
3.84). This would be expected if the two genes 
are alleles but would also result if they inter 
act in the double heterozygote to produce 
hemimelia. To distinguish between these two 
possibilities, the hemimelic mice were mated 
back to pure C57BL and were also mated to 
gether. None of the intercrosses was fertile 
but 33 mice were produced in the backecrosses 
If lu and lx are alleles, al! of the offspring 
should be heterozygous and therefore either 
normal or polydactylous. If /u and Lr are not 
alleles some of the gametes produced by the 
I’, hemimelics should carry both /u and la 
a result of recombination and these 
should give rise to hemimeli 
in F;, The should be one-fourth 
if the two genes are not linked and something 
less than that if they are. Table II shows that 
hemimelic mice did backcross 
and that they numbered approximately on 
fourth of the total (¥* 0.25, y*(1, 0.05) 
3.84). The number of mice is not large enough 
to detect any very loose linkage but the results 
show that /u and /r are at least not closely 
linked (recombination 42.4 + 14.2 percent) 

In the course of backcrossing /u into C57BI 
some data were accumulated on the linkage 
relations of /u and the agouti locus. Two kinds 
ol matings were backcross in 
which /u can be treated as a dominant with 
partial manifestation, and the other an Fy in 
which /u is treated as an ordinary recessive 


(Table IIT) Neither gives any evid 


vidence of 


gametes 
mice like those 
proportion 


occur in. the 


made, one a 


TABLE III. Tests for linkage between lu and a; 
lu is treated as a dominant with partial manifestation 
in the backcross, and a recessive in the I 
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HIND LEGS OF TWO STRAINS 


Figure 3 


A and B show the right and left hind legs of a lulu C3H mouse. ( 
D shows the normal left hind leg of a 


and left hind legs of a /ulu C57BL mouse. 


and 1) show the right 
tlu C57BL 


mouse. This is the same mouse as shown in Figure 272 


linkage. The backcross when analyzed by the 
method of Bailey! gives a maximum likelihood 
estimate of recombination of 50.0 + 9.5 percent 
and the Fy. gives a maximum likelihood esti 
mate of 47.1 + 9.4 percent. 


Description 


Hind limb, Luxoid is not fully penetrant in 
the heterozygote but its effect, when present, 
is to produce preaxial polydactyly or poly 
phalangy of the hind feet (Figure 24). Figure 
2B shows the normal left foot of the mouse ir 
Figure 2A, Of the toes normally present the 
first is usually the only one affected. It may 
have an elongated second phalanx or may have 
three phalanges. There may be one or two 
extra toes of all degrees of development up to 
a fully developed digit with a metatarsal and 
three phalanges. One or both feet mav_ be 
affected. Of 67 mice, 13 were affected on the 
right only, eight on the left only, and 46 on 
both. The single abnormal heterozygote which 
occurred in C3H had only a small extra bone 
in the right hallux 

The most common condition of the hind 
feet of homozygous /u/u mice is the occurrence 
of three instead of the normal two bones in 
the first digit (triphalangy of the hallux, 
Figure 3 A and B), Often an extra preaxial 
digit is present (Figure 3 © and 1)). Occa 
sionally there is preaxial reduction, the hallux 


sec 


lhe 
Both 


being either very much reduced or absent 
tarsal bones are usually very abnormal 
feet were affected in all mice observed 
In heterozygous mice the tibia and fibula are 
normal (Figure 3/:). In homozygous mice the 
tibia is reduced in varying degrees the 
fibula is correspondingly gure 
3 A-D). The the 
depends at least partly the 
ground. In the C3H strain the tibia ten 
be greatly reduced, bringing the knee and hee 
close together with a resulting curvature of 
the fibula (Figure 3/3), very much as in luxate 
On the C57BL background the 
reduction in the tibia is much less severe, In 
the most common condition the tibia is re 
duced and the fibula is enlarged to the exter 
that the. two the 
Often under these circumstances they 
fused, but form separate svinmetrica 
bones (Figure 3 4. C and D) In contrast to 
lx which affects predominantly the right side, 


and 
enlarged (1 

abnormality 
hac k 


Is te 


severity ot 


on genet 


homozygotes 


bones are about same 
are not 
two ] 


Symmetry of effect of lu and Ix on the 
tibia 


TABLE IV. 


Right n 
Left most 
Equally affecte 
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NORMAL AND LUXOID FOREFEET 
Figure 4 


A shows the dorsal 


left forefeet of a lulu ( mouse 


uw in the h ymozygote 1s nearly symmetrical in 
its effect on the two (Table LV). The 
abnormal tibia causes the knee joint to be very 
that the shank and 
longer held in the normal position. 
lorefeet. The forefeet of 
luxoid mice are invariably 
444), The forefeet of 
may show abnormalities on the 
(Figure 4 B and C). The 
longer than normal, it 


be as 


sides 


deficient so 


root are no 
heterozygous 
normal (Figure 
homozygote however 
preaxial sic 
first digit 


may i 


may be 
triphalangeal 
may many as two extra digits, the 
second digit may be split, or very 
the third digit may be split. The 
occur regularly in homozygotes on the C57BI 
background, but only irregularly on the C3H 
background (Table V). The two mice with 
neither foot affected in C57BL occurred in the 
early generations of backcrossing 
to be no decided right-left 

Tail kinks 
istic Of many 
truc n both ¢ 
a slight 


there 


occasionally 
abnormalities 


There seems 
asymmetry. 
Kinks in the tail are character- 
lulu mice (Table VI). This is 
3H and C57BL. There may be 
for kinkiness in heterozy 
considering that many of the normal 
shown in Table VI are undoubtedly 
heterozygotes, but greater numbers of mice 
would be to demonstrate this with 
ertainty 


tendency 
votes 


mice 


necessary 


TABLE V. 


Effect of lulu on forefeet 


BI 


w of a normal right 


forefoot ot a 


Presa ral 


view ot the 


s and 
that lx ha 
duce the 

effect of lu on nu 


vertebrae was 
)/ 


vertebrae, ri 
lact 
Carter-* to re 
vertebrae, the 
Mice 


rae, but 


rated 


investi 


acral 
ally | 


1 
have 25 or 27 or asymmetrical interme 


ave ) presacral verte 
‘ diates in 
PETS | , 4 ‘ 
which the critical vertebrac s lumbar on one 
side and sacral on the 


types 


symmetrical 
ignated A, 
and 27 are designated A 
distribution of vertebral shown 
in Table VII. In contrast to lx, lu in the 
homozygous condition increas 


other. ‘The 
between 25 and 26 are de 
ind those between 26 
The 


types 1s 


the number of 
This effect occur 
There i 


presacral vertebrae in both 
C3H and C57BI 
of lu in the 


would be 


no apparent effect 
condition but it 
conclude from the small 
amount of evidence at hand that it has no such 
effect. C57BL mice usually have 26 presacral 
vertebrae but about 10 percent have 25 or an 
asymmetrical intermediate. If 

effect it may be 

with this genetic 
fewer than 26 
enough to cause 


heterozvgous 
unsale to 


tlw has any 
enough to prevent any 
bac kground 


mice 
from having 
presacral vertebrae but not 
them to have 2 


than 26 
Larger numbers would be to demo 
strate 


more 
necessa;’ry 
such an effect in this strain 


TABLE VI. 


Effect of lu on tail 
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In addition to increasing the number of pre- 
sacral vertebrae, /u increases the number of 
pairs of ribs (Table VII). The last rib may 
occur in all degrees of development which may 
be arbitrarily divided into four grades. Count- 
ing both sides this makes a maximum possible 
grade of eight. The mice were grouped ac- 
cording to whether the last pair was the thir 
teenth in grades five to seven, the thirteenth 
in grade eight, the fourteenth in grade one to 
four, or the fourteenth in grades five to eight. 
Homozygous lulu mice have a much higher 
proportion of mice with 14 ribs in both C3H 
and C57BL. In C57BL it can also be shown 
that polydactylous heterozygotes have greater 
development of the thirteenth rib than normal 
mice (x? = 7.78, x? (1, 0.01) 6.04). 

The number of sternebrae is slightly in- 
creased by lu. There are normally six sterne- 
brae in the mouse but the fourth and fifth may 
be fused or there may be an extra bone be- 
tween the fifth and sixth. Table VII shows 
that /uluw mice have an increased proportion 
with the extra sternebrae in both C3H and 
C57BL. No difference occurs between poly 
dactylous and normal mice in C57BL. 

Since Carter?,3 had shown that hydro- 
nephrosis and other kidney anomalies occur 
in lxlx mice, these were looked for in lulu 
mice. Because this search was begun rather 
late, records are available on only 12 mice. 
Of these, 11 were normal and one had hydro- 
nephrosis and hydroureter on the left side. 
Since hydronephrosis occurs occasionally in 
pure C57BL mice, more data will be necessary 
to establish whether or not /u increases the in- 
cidence of this condition. 


Interaction of lu and Ix 


The combined effect on the hind limbs of 
lu and Lr in the double heterozygote is similar 
to that of either gene alone in the homozygous 


TABLE VII. Effect of lu and Ix on number of 


presacral vertebrae, ribs and sternebrae 


Ribs 
ral vertebrae 13 14 
26 Ag 27 $-7 8 1-4 5-8 § 4 7 


Sternebrae 


luxold C3H 

/ 7 } sy 

lulu 4 
luxold CS7BL 

ofp me 21 
30 
17 
luxate CS7BL 

+ = 17 

+> lx 7 2 is 

lelx x 13 
F, and 

backcross 

normal 810 32 

poly 16 7 28 7 23 

hemimelie 1 26 . 24 


*Includes one mouse with 28 presacral vertebrae. 
tPlus two mice with jumbled sternebrae which could 
be counted, 
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condition. However, before describing the in- 
teraction of lu and lx it will be necessary to 
describe the effects of lr alone on this genetic 
background. 

The segregation of lx in the intercrosses and 
backcrosses is given in Table VIII. Pene- 
trance in the heterozygote as estimated from 
the combined intercross and backcross data is 
0.63 + 0.04 percent. 

The degree of expression of lx is only mod 
erate as judged against the range of variation 
described by Carter.2 In homozygotes the 
right tibia is much more severely affected on 
the average than the left (Table IV), being 
either very small or absent in most cases. The 
left tibia is usually only slightly affected and 
occasionally appears completely normal. The 
fibula is more or less abnormal depending on 
the degree of reduction of the tibia. The femur 
is never severely reduced, nor is the innomi 
nate bone ever severely abnormal. The most 
common condition of the hind feet is triphal 
angy of the hallux, but preaxial polydactyly 
(as many as six digits) and oligodactyly (as 
few as four digits) have been observed. Het 
erozygotes are normal except for preaxial 
polydactyly of the hind feet or triphalangy of 
the hallux. Of 42 mice, 19 were affected on 
the right only, 12 on the left only, and 11 on 
both. 

Carter? 3 has shown that lr reduces the 
number of presacral vertebrae, and that tie 
reduction is greater in homozygotes than in 
heterozygotes. The rather meager data of 
Table VII show that Jr has this effect in 
C57BL also. With the 25 and A, categories 
grouped, x? is found to be 17.35, x? (2, 0.01) 
9.21. Carter did not note any effect of lr on 
number of ribs of sternebrae, and these data 
also show none (Table VII; ribs, x? 4.52; 
sternebrae, y? 2.14; x? (2, 0.05) 5.99). 
No tail kinds were found associated with /a 

No horseshoe kidneys were found in /xlr 
mice in this strain, but there was an increased 
incidence of hydronephrosis (Table IX). Car 
ter? has shown that lx produces both of these 
effects in some strains. 

In the course of examination for kidney ab 
normalities an anomalous arrangement of the 
renal blood vessels was discovered in 
lxlx mice. The abdominal aorta normally lies 
dorsal to and slightly to the left of the pos 
terior vena cava. At the level of the renal 
vessels it passes dorsal to the left renal vein 
In 12 out of 20 lrlr mice examined the aorta 
passed ventral to the left renal vein. No such 


some 


TABLE VIII. 


Segregation of Ix in intercrosses and 
ckcrosses 


Genotype 
Mating 


+ le X + Ix 





Green: 


Luxoid Mice 


PREAXIAL POLYDACTYLY 


Figure 5 


! and B show the right and left hind legs of a mous 
The feet are held in 


tibia is reduced in varying degrees. 
the tibial’ abnormalities 
anomaly occurred in lx heterozygotes, nor in 
lu homozygotes or heterozygotes 

As noted above, when +/u +-++ mice are 
mated to + +/x mice the offspring are of 
three types—normal, polydactylous and hemi 
melic The normal category includes three 
genotypes: ++ ++, +/u +4, ++ +/1; the 
polydactylous category includes two genotypes, 
+lu++ and ++ +/1r; the hemimelic mice 
are all +/u+lr. Backcrosses of the hemi- 
melic mice to pure C57BL give the same three 
categories with the same corresponding geno- 
types. For anatomical purposes the F; and 


+lu+la The 
position as a result of 


with the 
an abnormal 


genotype 


backcross generations therefore be con 
sidered together. 
The hindfeet of 
+lu-+l* usually show triphalangy of the 
hallux or preaxial polydactyly. No oligo 
dactyly, such as occurs in both lulu and Lela 
The tibia is reduced in varying 
degrees and the fibula correspondingly en 
larged (Figure 5A and 7). The feet are held 
in an abnormal position, usually with the 
plantar surface not in contact with the ground, 
as a result of the tibial abnormalities. The 
marked asymmetry of reduction found in Lela 


may 


mice of the genotype 


has been noted 
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does not occur (Table IV). Of the asym- 
metrical mice which do occur, more are af- 
fected more severely on the right side than on 
the left, but the sample is very small. Larger 
numbers will be necessary to discover whether 
the difference is significant. 

The forefeet of +-/u +/x mice are unaffected. 

Since lu increases the number of presacral 
vertebrae and /x decreases it, the effect of 
+lu+l¢ on this character is a matter of 
interest. Table VII shows that the double 
heterozygote has almost uniformly 26 presac- 
ral vertebrae, intermediate between lulu which 
has a large proportion with 27 presacral verte- 
brae and llr which has a large proportion 
with 25 presacral vertebrae. Whether the dou- 
ble heterozygote is also intermediate between 
the two single heterozygotes is open to ques- 
tion, Certainly +/* mice tend to have fewer 
vertebrae than +/u+lr (x? 
16.99, x2 (1, 0.01) 6.64) but there is no 
difference between +/u and +/u+lx. This 
may be due to the discrete nature of the vari- 
able which may make any tendency for an 
increased number of vertebrae in +/u mice 
undetectable in this strain. 

The distribution of +-/u +/x% mice with vari- 
ous grades of development of the thirteenth rib 
is shown in Table VII, There is no difference 
between +-/u and +/u+/x* mice in this re 
spect (x? = 0.99, x? (1, 0.05) 3,84). This 
is not surprising since lx has no effect on rib 
number. The same is true for number of 
sternebrae (Table VII). Mice of +/u+d/r 
genotype are not different from those of +/u 
genotype. 

Table VII also gives the distribution of 
number of presacral vertebrae, ribs and sterne 
brae for the normal and polydactylous mice in 
the F; and backcross. They are about what 
would be expected considering the mixed geno- 
types which contribute to each phenotype. 

Mice of +l/u+/x% genotype do not have an 
increased incidence of tail kinks above that 
found in C57BL. They show no abnormalities 
of the renal blood vessels, nor an increased 
incidence of hydronephrosis. 

As a generalization, it may be concluded 
that in the double heterozygote /u and Lx act 
cumulatively on the structures which they 
independently affect in the same way (hind 
limb), antagonistically on structures which 
they independently affect in ways 
(number of presacral vertebrae), and inde- 
pendently on structures not affected by the 
other (number of ribs and sternebrae). The 
lack of effect on the forefoot, tail, and kidney 
in the double heterozygote is in agreement 
with this generalization since these structures 
are affected by the homozygote only of one 
or the other of the two genes. 


presacral 


opposite 


Discussion 


This paper has presented evidence for the 
occurrence of a new mutation luxoid, symbol 
lu, in the mouse. Luxoid is similar to three 


other mutations which have been reported for 
the mouse, souris luxées,!4 luxate,?, 4,4 and a 
polydactyly associated with absence of the 
tibia.19, 11,12 The genetic tests reported in 
this paper have shown that /u is not an allele 
of lx. Rabaud’s souris luxées are now ex- 
tinct, so that no genetic tests of identity with 
them are possible, but there is good evidence 
for believing that /u is not a repeat mutation 
of Rabaud’s gene. Carter? has made a careful 
study of the published descriptions of souris 
luxées by Rabaud,!4.15 Hovelacque,> and 
Hovelacque and Noel? and has come to the 
conclusion that “there are no phenotypic dit 
ferences between luxate mice and souris luxées 
which cannot be attributed to differences of 
residual genotype or observational techniques.’ 
This makes it appear likely that Rabaud’s 
anomaly was an earlier occurrence of a muta 
tion to lr. While polydactyly of the forefeet 
is common in lulu mice, no anomalies of the 
forefeet were observed by Hovelacque® with 
the exception of two out of 242 abnormal ani 
mals which showed bilateral polydactyly o 
the forefeet. This makes it appear unlikely 
that Juxoid is a recurrence of Rabaud’s muta 
tion. 

The condition described by Kobozieff and 
Pomriaskinsky-Kobozieff!!, 12 resembles / 
and /u in its genetic behavior and general 
morphology. In the homozygote the tibia is 
very deficient or absent and in the heterozy 
gote the tibia is normal and the hind foot is 
polydactylous. Penetrance is inconiplete in 
the heterozygote. The gene has not been tested 
for allelism with either /u or lr but it ap 
pears to resemble /u more closely than it does 
lx. Two hundred and twenty-five out of 460 
homozygotes had polydactylous forefeet, and 
39 mice in the same group had short or kinked 
tails.13 Luxoid has both these effects and 
luxate has neither. One of the published pho 
tographs (B)11 shows an abnormal limb very 
much like that in Figure 3B. A genetic test 
will be necessary to establish with certainty the 
relationship between this mutant and /u, but in 
the meantime it can be said that they do not 
seem to differ in their morphological effect 

The hypothesis has been put forward by 
Carter’ that the primary departure from nor 
mality caused by l/r is the anterior displace 
ment of the hind limb inductor in the region 
of the apical ectodermal ridge relative to the 
hind limb potent tissue which underlies it 
Forsthoefel® has supposed on the basis of 
preliminary embryological studies that the 
primary action of lu is a posterior displace 
ment of the limb potent tissue, the effect being 
more widespread than in the case of Lr, affect 


Effect of Ix on incidence of 
hydronephrosis 


TABLE IX. 


+ 








Green: 


g also the forelimb and rib potent tissue 
None of the facts reported in this paper is in 
disagreement with these two hypotheses. Dra 


gomirowa® has shown that in the axolotl the 


position of the sacrum is dependent on the 
position of the innominate bone. The 
relationship is probably true for mammals 
Ihe anterior shift of the sacrum caused by / 
and the posterior shift caused by /u could 
therefore result from corresponding shifts of 
the hindlimbs. If the preaxial limb defects 
aused by the two genes are indeed the results 
of a change in relative position of the limb 
inductor and the limb potent tissue, a forward 
shift of the inductor in /x and a backward 
iff of the potent tissue in /u will account 
for both the limb defects and the sacral shifts 
In particular such shifts will account for the 
lition of the hind limb and the sacrum in 
the double heterozygote. The slight anterior 
hift of the inductor and posterior shift of the 
potent tissue would bring them into the same 
relative position as a greater shift of either 
The limb itself would not be displaced 
either forward or backward. Tibial hemimelia 
i¢ ral 


atone 
accompanied by a normal number of pre 
vertebrae would result 

In the paper in which 
pothesis that la 
limb inductor, 


causes a forward shift of the 
Carter,4 using the predictive 
value of the hypothesis, asks the question, 
‘Are ectrodactyly and hemimelia in other ma 
terial associated with a displacement of the 
the body axis?” If the posi 
sacrum can he an indicator 
limb buds, the answer 


limb buds along 
tion of the 
of the position of the 


taken as 


in the case of /u must be in the affirmative 
One further relationship should 
yut. Carter has noted that extreme 
of the femur and pubis in 
mice occurs only in families in which the 
heterozygous expression of the mutant 
There is in this respect a positive cor 
and 
Luxoid, on 
greatest reduc 
strain in which 
ilmost absent 
between the 


be pointed 
reduction 
homozygous luxate 


very 
strong 
relation between 
zygous expressions of the 
the other hand, produces the 
tion of the tibia in C3H, the 
its heterozygous expre 
There is a negative 
homozygous and heterozygous 

It would, of course, be 
expressions of both 
backgrounds to 


correlations are 


the homozygous hetero 


gene 


ssion is 
correlation 
expressions olf 
the gene necessary to 
study the genes on a 
greater number of establish 
whether these apparent real 
or only the result of coincidence. At present 
there is no obvious explanation for the ob 
served results 
Summary 

A new gene, luxoid, symbol /u, in the 
causes preaxial polydactyly of the hind feet in 
the heterozygote and tibial hemimelia, pre 
axial polydactyly of the forefeet, and tail kinks 
in the homozygote 

Penetrance of the 
and dependent on the genetic 

The gene is not linked with 


mouse 


heterozygote is limited 
background 
luxate (Lr), 


same 


| uxoid Mic e 


nor with non-agouti (a). 

Luxoid increases the number of 
vertebrae, ribs and sternebrae in the homozy- 
gote, and the number of ribs in the heterozy 
gote 

Luxoid with /r to produce tibial 
hemimelia in the double heterozygot The 
double heterozygote has the normal number ot 


presacral 


interacts 


presacral vertebrae, intermediate between Lr/a 


which reduces the number and /u/u which in 
creases it 

A hitherto 
position of the left 
abdominal aorta 


undescribed effect of 
renal vein relative 


was discovered 
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EFFECT OF PLANT VIGOR ON STABILITY 
OF THE VARIEGATED PERICARP ALLELE 


In Maize 


THEODORE VAN SCHAIK* 


HIS study deals with the effect of 

vegetative vigor on instability of 

the mutable allele variegated peri- 
carp in maize. Plant vigor was varied 
genetically by crossing inbred lines with 
each other and non-genetically by crowd- 
ing the plants. 

Emerson® !° concluded that variegated 
pericarp, which is characterized by nu- 
merous red stripes of different sizes on a 
colorless background, was the result of 
somatic mutations of a recessive gene, 
P*’*, to a stable, dominant allele, P**. 
In genetically more closely controlled 
strains Brink and Nilan* recognized two 
distinct classes of variegated—medium 
and light. The difference between these 
two phenotypes was ascribed to an un- 
usual element called modulator (Mp). 
The latter, in conjunction with the gene 
for red pericarp and cob (P**) was 
assumed to constitute the P"" allele. 
Modulator may be present also, how- 
ever, at one or another site elsewhere in 
the genome as a result of transposition 
from the P locus. Thus both medium 
and light variegateds carry P’" but the 
latter class possesses a transposed modu- 
lator in addition, the effect of which is 
to reduce sharply the frequency of mu 
tation of PY’? to PRR, 

Brink and Nilan* that a 
patch of red kernels on a medium varie 
gated ear often was twinned with a 
light variegated area. This fact indi- 
cated that the mutation is associated with 
a differential mitotic division whereby 
the modulator lost to the one daughter 
nucleus is gained by the other. Schemat- 


‘ ybserved 


ically such a mitosis at the P locus may 
be pictured as follows: 


PRR, Red 


PRM) —— ae ——___—__ - 
- - » 
PRRMp+tr-Mp Light-variegatec 


It was found that the transposed modu- 
lator in some light variegated plants was 
linked with the P locus; in other cases 
it assorted independently. 

Whether such a mitotic event or a 
similar one is responsible for all visible 
P*" mutations is uncertain but not un- 
likely. In any case the twin spot data 
show that the mutation is associated 
with the mitotic process. Varying the 
conditions under which cell division oc- 
curs might be expected, therefore, to 
affect stability of the P’” allele. The 
rate and duration of cell division differs, 
of course, between inbred lines of maize 
and their corresponding F, hybrids and 
also between thrifty and unthrifty plants 
of the same genotype. It was the pur- 
pose of the present experiments to de 
termine whether these differentials ef- 
fectively altered mutation of variegated 
pericarp to red. 

Several factors have been 
affect the expression of variegated peri 
carp. The effect of the environment on 
the stability of P’” has received atten- 
tion in one previous study. Eyster'? ex 
amined two closely comparable lots of 
maize containing the mutable allele for 
variegated pericarp, grown under widely 
different conditions. One lot was grown 
in the northern California coastal region 


shown to 
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under relatively cool, humid conditions 
and the other lot was grown in Arizona 
under irrigation and much higher day 
temperatures. This latter lot matured 
one month earlier than the former. The 
California-grown material showed con- 
siderably more large red areas on the 
ears (caused by relatively early somatic 
mutations) than that grown in Arizona. 

The ontogeny of the plant also affects 
the mutation rate of P’" as reported by 
Anderson and Eyster.’. These authors 
pointed out that red areas of a given size 
represent mutations that have occurred 
at approximately the same time. Red 
areas of twice this size represent muta 
tions that have occurred about one cell 
generation earlier and should be half as 
frequent when other things are equal. 
Following this reasoning Anderson and 
Eyster were able to compute mutation 
rates for different developmental stages. 
They found an increasing rate of muta- 
tion per gene as development progressed. 
This phenomenon also has been observed 
in our material. 

Variegated pericarp is known to be 
affected by many minor modifying 
genes.!! Reference has already been 
made to modulator which can act as a 
major modifier of P’". A single tr-Mp 
unit in a genotype containing P’" gives 
the light variegated phenotype. A sec- 
ond tr-Mp gives a phenotype named 
very light variegated.* In homozygous 
P*Y material there is a second Mp at the 
P locus. This Mp appears to have a 
similar effect as a single tr-Mp in ma- 
terial heterozygous for P’"’ (D. R. 
Wood, unpublished). In other words 
both the P’”/P’" and PY” /P¥® +- tr-Mp 
give light variegated phenotypes. This 
observation is in accordance with that of 
Emerson!! in which material heterozy- 
gous for P*’® had a darker grade of varie 
gation than homozygous P’" Mp or 
tr-Mp may be said to have a depressing 
effect on the mutability of P’". After 
careful examination it was found that 
this depressing effect of tr-Mp is much 
more pronounced at a relatively late 
stage in the development of the ear than 
at an earlier stage. 7r-Mp, just as the 
primary P’" mutation, is subject to a 


timing effect related to plant develop- 
ment. 

In other species mutation 
mutable genes also have been found to 
change during development. In Del 
phinium ajacis, Demerec® found no 
change in the mutation rate of the muta- 
ble rose alpha gene throughout all stages 
of development. The mutable lavender 
alpha gene on the other hand, was high 
ly mutable only in the early embryo 
and in late stages of flower development 
In Drosophila virilis miniature gamma 
is unstable only in somatic cells and not 
in germinal cells, while reddish alpha is 
unstable only during maturation divi 
sion of heterozygous females.®:® In 
Pharbitis, Imai! found that yellow-in 
constant-l and flecked are highly muta 
ble early and late in ontogeny only, 
while yellow-inconstant-2 mutates at a 
rate which decreases during develop 
ment. McClintock'® pointed out that 
different doses and of the acti- 
vator and dissociation elements she de 
a distinct timing 


rates of 


“states”’ 


scribed in maize, had 
effect. A plant with a high dosage of 
Ac, for example, is characterized by a 
low early mutation and a much 
higher rate of late mutations 

Demerec® found that mutability of the 
unstable miniature-3 gene of Drosophila 
virilis was little affected by temperature 
Fabergé and Beale,'* on the other hand, 
observed a significant reduction in mu 
tation rate of an unstable gene in Portu 
laca with rising temperature. The mu 
tability of a, in maize, under the action 
of Dt, was shown by Rhoades!*® to de 
cline also as temperature was increased 


rate 


Materials and Methods 
A PV¥Y allele 


a given source was in 
corporated into four commercial red cobbed 
inbred yellow dent lines (8, 22R, 23 and 
M14C) by outcrossing the latter to the varie 
gated pericarp stock and then making three 
successive backcrosses to the inbreds. The 
six possible hybrids between these four varie 
gated inbred lines were then made. In_ the 
first experiment the hybrids were grown in 
comparison with the four inbreds all in fertile 
soil with normal spacing. Theoretically these 
two groups of material, hybrid and inbred 
have the same frequencies for all their genes 
the only distinction being a much higher pri 


from 
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portion of heterozygous loci in the hybrid 
group. Any difference in the variegated pheno- 
type of these two groups can. be ascribed 
therefore to the direct effect of hybrid vigor 
or non-additive action of genes modifying PY’. 

In the experiment the well 
grown hybrids were compared plants 
grown under different conditions rem 
nant seed from the same ears or sib ears. A 
less fertile piece of land was selected for this 
latter material and the seed was sown ex 
tremely densely. In this way the plants were 
placed in a strongly competitive condition 
almést from the outset. Thinning was delayed 
as long as possible and then just enough thin- 
ning was done to permit ear formation. The 
ears obtained weighed one-half to one-third 
as much as the normal hybrid ears, even less 
than the ears of the normally grown inbreds. 

Scoring of the variegated material for the 
frequency of mutations to red offers a major 
problem. In order to avoid confusion caused 
by different dosages of modulator, only typi- 
cally medium variegated ears were included 
in the material for sampling. Likewise only 
ears heterozygous at the P locus (PVV/PWR) 
recognized by their red cobs, were included 
The ontogenic effect on mutation rate was 
controlled by comparing only frequencies of 
mutations that occurred at approximately the 


same 
with 
irom 


sec ond 


same stage. 

Emerson!! devised a method based on the 
overall intensity of variegation. The experi 
mental ears were matched with standard ears 
in seven grades ranging from light to dark 
variegated. This method gave him repeatable 
results but it lacks the precision necessary for 
our purpose. Accordingly, the ears were scored 
for frequency of mutations of certain specific 
sizes, [emerson employed this method also,!! 
but preferred the: matching procedure after 
verifying that the two methods were corre 
lated. Scoring all discrete mutant areas is 
laborious, and very late occurring mutations 
are too indistinct to be individually recog- 
nized, Early mutations are not useful because 
they are infrequent. Red sectors of inter- 
mediate size are most useful for obtaining 
estimates of mutation rate. 

The data reported here are from red sectors 
ranging from % to 2 kernels in size, Fre- 
quencies of sectors outside this range were 
also recorded but are not listed here. Though 
less accurate they tend to substantiate the 
data presented. 

The pericarp is composed of three carpels 
that form the ovary wall and silk. The car- 
pels are of similar size when initiated. At 
maturity, however, the two germinal carpels 
are much smaller than the abgerminal carpel. 
This fact is well substantiated by the finding 
of Anderson and Brink? that a red stripe over 
the germinal side of the kernel is much more 
likely to be associated with self-colored prog- 
eny than a stripe of the same width over any 
other portion of the kernel. Direct evidence 
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is afforded by kernels from plants containing 
the “corn grass” gene because the line of 
fusion of the abgerminal carpel is often visible 
in this material. The writer is indebted to Dr. 
W. C. Galinat for pointing out this fact 
Finally, the regularity with which red marks 
tend to have a boundary at the same place, 
which, presumably corresponds to the line of 
carpellary fusion, gives a measure of confi 
dence as to discerning the limits of the differ- 
ent carpels. 

After considering the above facts the fol- 
lowing procedure was adopted. Al! mutations 
that gave rise to a red area covering approxi 
mately one carpel whether germinal or ab- 
germinal, were scored together in the 44 to 4% 
kernel class. Likewise the % to 1 kernel 
class contained all mutations covering ap- 
proximately two carpels regardless of which 
carpels were involved. Thus only mutations 
having taken place at about the same time 
were grouped together although some gave 
rise to much larger red areas than others. 


Results 


The effects of either hybrid vigor or crowd- 
ing of plants on the mutation rate of the PV’ 
allele in maize at different stages in the de 
velopment of the plants is summarized in 


Table I. 
The. Hybrid Vigor Test 


The results of the first experiment, th 
comparison of the mutation rates in the hy 
brids and inbreds, are given under the head- 
ings, “normal” in Table I. The values for 
every hybrid were obtained from six full- or 
half-sib families from which 10 or, in most 
cases, 20 well developed medium variegated 
ears were selected at random. For the 4 to 
Y% and % to 1 kernel four rows per 
ear were selected at random and studied. All 
the kernels were examined for the larger size 
classes of which only the 1 to 2 kernel class 
is given. Three families of 20 ears 
were used in a similar way to obtain the values 
for the inbred strains. In all, about half a 
million kernels were included in the classes 
larger than one kernel and about 100,000 ker 
nels in the smaller classes. It can be seen that 
inbred 23 gives consistently the highest muta- 
tion rate and inbred 22R consistently the low 
est. Inbreds 8 and M14C are intermediate and 
of the same magnitude. The mutation rates of 
the hybrids generally approach those of the 
more mutable parents. Thus the hybrids in- 
volving inbred 23 have the highest mutation 
rates; hybrid 22R & MI4C has almost exactly 
the same rates as M14C; hybrid 8 * MI14C 
has rates similiar to both parents. In only two 
cases involving 8 &* 22R and 8 &* M146 
(marked by * in Table I) the mutation rates 
of the hybrids are significantly outside the 
range of those for the component inbreds 
These data can be simply explained by the 
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The Crowding Test 
the 
nor 


be 


second experiment, 


he 


Ihe results of the 
comparison of the mutation rates in t 
mally grown and stunted hybrids, can also 
found in Table I. The values for the stunted 
material are on about 100,000 kernels 
In several cases whole ears had to be scored 
even for the 4 to % and % to 1 kernel classes 
because of the limited amount of available 
material. The remainder of the material was 
scored in the same manner as the well-grow 
hybrids. There is a consistent tendency for 
the stunted material to show a lower mutation 
rate than the normally grown material 

The material on which each entry in Table 
I is based was subdivided into random units of 
about 3000 kernels for statistical analysis. Us 
ing the variation between the frequencies of 
mutations in such sub-units as error term, 
the significance of the differences between mu 
tation rates for normal and stunted material 
was calculated. With the exception of the 
values for hybrid 8 M14C the difference 
were found highly or 
approaching significance 

For the purpose of combining the individual 
between stunted and normal hy 
stunted/normal, 
These 


based 


an 


significant, significant, 


comparisons 
brids the ratios, 
lated for every comparison 
listed in Table I. The overall average 

was found to be 0.54 + 0.41. Furthermore 
averages and fiducial limits (at the 5 
level) of the ratios within the particular de 
velopmental stages and within each of the six 
different are listed in Table I. These 
ratio averages of similiar magnitude. The 
fiducial limits, wide. If hybrid 


were calcu 


ratios are 
ratio 
the 


percent 


hy brids 
are 


however, are 


successive 
grown 


Mutation frequency at three 
their normally 


TABLE I. 


stages 


limits are 
aver 


the fiducial 
lor example the 
to 2 kernel 
0.79 to 0.41 4 
above analysis out 
of the material lar as 
is concerned. Inaccuracy in 
rate probably also 
The trend of the 

results, nevertheless, gives strong support to 
the conclusion that the stunted hybrids 
lower mutation rate than the well grown mate 
rial 
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Discussion 
It may be concluded from the data in the 
previous section that the mutation rate pvt 
to PRR has been modified by environmental 
means. In the hybrid-inbred comparison how 
ever, a genetical interpretation of the observed 
differences in mutability seems plausible. The 
distinct differences in mutation rate of allele 
into inbreds 22R 
and 23 as recorded in Table I is an indication 
of the of modifying in the 
mutation process, Although the altered physio 
condition the hybrids could be re 
sponsible for deviation of the mutation 
rate in the hybrid from the average of that 
in the two component inbreds, a additive 
interaction of these modifiers could likewise 
explain the observed difference In the ¢ 
stunted hybrid 
definitely ¢ 
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an 
of a given origin introduced 


importance genes 


logical in 
any 


non 


om 
parison of the well-grown and 
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planation i 


The manner which crowding of the plant 
affects the mutability is difficult to determine 
Decreased plant size as such does 
greatly as can he 

iutrient 


gi? found that an 
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not change 
from the 
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mutation rate seen 
Starvation for 


Dori 
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unbalance in the nutritive medium increased 
the frequency of mutations in Antirrhinum 
majus. The medium had a distinct effect on the 
mutation rate of bacteria grown in a “chemo- 
stat” by Novick and Szilard!7. When trypto 
phan was used as the controlling growth fac- 
tor, rate of mutation to bacterial virus T5 
resistance was distinctly higher than when 
certain other controlling growth factors were 
used, These two however, deal with 
normal or stable genes. 

Maturity of the crowded material was de- 
layed somewhat and the development of the 
plants was greatly restricted. A retarded rate 
of cell division is probably the main explana 
tion for these effects. Cell size has been found 
to be of minor importance in the manifestation 
of hybrid vigor in maize by Kiesselbach!5. 
Whether this fact applies to vigor as a con- 
sequence of a favorable environment has not 
been determined but it does not seem unlikely. 
Therefore a possible way in which crowding 
affects the mutability is by retarding the rate 
of cell division. It was concluded in the previ- 
ous section that crowding decreases mutation 
rate. Consequently there seems to be a direct 
relation between cell division and mutation 
This conclusion would lend support to the 
Brink and Nilan hypothesis according to which 
the mutations of ?’" are associated with dif- 
ferential mitoses at the P locus. It should be 
borne in mind, on the other hand, that a change 
in rate of mitosis and in mutation rate may be 
independent of each other, both being a con- 
sequence of some physiological condition cre- 
ated by crowding the plants. 


Cases 


Summary 


A study of the effect of marked differences 
in plant vigor on the mutability of the gene 
PVV for variegated pericarp in maize was 
made. In one experiment F, hybrids between 
four near-homozygous inbred lines carrying 
variegated pericarp were compared with the 
respective variegated inbreds. Mutation rate 
was estimated by scoring for frequency of 
mutant areas of certain given sizes. In gen- 
eral there was no difference between the muta- 
tion values for hybrids and their component 
inbreds which could not be explained by par 
tial to complete dominance of modifiers for 
mutability. In another experiment the above 
variegated F, hybrids were compared with 
hybrid plants grown from seed of the same 
source but under conditions of extreme crowd 
ing so that the ears were reduced in weight 
about two- to three-fold. The stunted mate- 
rial showed a distinctly lower mutation rate, 
on the average 0.54 of the normally grown hy- 
brids. It was concluded therefore, that lack 
of vigor thus induced did have a depressing 
effect on the mutability of the variegated peri- 
carp allele 
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TEACHING INBREEDING 


GERI 


HE effect of inbreeding is prob- 
ably taught in most genetic courses. 
From this the students learn that 
homozygosis increases at a more or less 
rapid rate according to how intense the 
inbreeding is. Usually these facts are 
shown as the result of mathematical con 
siderations, to which may be added a 
demonstration of the results of some of 
the well known inbreeding experiments. 
To let the students make such experi 
ments of their own can never, during 
the limited time at their disposal, give 
them more than a very superficial knowl- 
edge about the real forces in action. 
Even if it were possible to include, dur 
ing that time, a relatively large number 
of generations of Drosophila or of some 
other fast breeding species, the effects of 
dominance, epistasis and selections not 
perfectly controlled, would conceal the 
real effects of the randomness of the 
gene combinations, i.e. of the true Men 
delian forces. For these what 
the student would probably lack most is 
a clear picture of the very great varia 
bility between individual inbreeding se 
ries. Obviously this variability contrib 
utes, importantly in nature, to the 
results of inbreeding 
ing these effects makes it easy for the 
student to draw false conclusions. 
To overcome these difficulties, the stu 


reasons, 


end 
| lence, OV erlor ik 


dents taking part in the genetics courses 
at the University of Stockholm have for 
several years been making what we call 
“Table Experiments” in which random 
numbers are used to simulate the ran 
domness of the gene combinations. When 
this was first described! the random 
numbers were being taken from a rou 
lette wheel. Since that time tables of 
random numbers?:* have hecome avail 
able and these are used. Also other kinds 
of inbreeding problems have been taken 
up within Table Experiments 
Some of the experiments conducted dur 
ing the last course (spring 1954) and 


these 


*(nstitute of Genetics, University of 


Stockholm 


30N NIER* 


their results are described below, as they 
may be of value in the genetics class- 
room, 

All table experiments were made in 
100 parallel series. The course included 
20 students who worked in two’s. Thus 
Kach group had 
experiment 


there were 10 groups. 
to make 10 
and, for each of the series, one of the 


series of each 
groups was responsible for the final ree 
furnished with 
with a 


Was 
numbers and 


ord, Every group 
tables of random 

working table for each of the exper! 
was that 

groups never used the same parts of 
random number tables. In all experi 
ments, the random numbers were used 


ments. Care taken so two 


the 


as 2-figured, i.e. the numbers from 00 to 


99, For simplicity, only one pair of 
genes was considered and each experi 
ment was thought as starting with the 
The following types ol 


here: 1 


cross AA x ad 
experiments will be described 
and 2, inbreeding at two different levels 
of inbreeding intensity; 3, inbreeding 
with complete selection against the re 
incomplete 


(this ex 


cessive: 4, inbreeding with 


selection against the recessive 
periment demonstrates the mechanism of 
drift): 5, and over 


genetic inbreeding 


dominance 


The Experiments and their Results 
Brothe 
working table is 
in all CASCS, 
which in F 


mating with 
shown in 
tarts 


gives 


lex pe riment 1 sister 
out selection. The 
lable I. The experiment, as 
with the cross AA aa, 
] ! ! 2 la: 1 aa 

From the random number table two num 
hers are taken | 
Kendall and Babington Smith,? (page 2, col 
umns 1-4), the first two numbers are 23 and 
15. These figures mean, as can be seen in the 
la * Aa row in Table I, that the two chosen 
to continue the line are both AA and the first 
series has thus reached fixation as AA in F 
Starting series 2, the next two numbers in the 
random number table are 05 and 54 
from the Aa * Aa row in Table I 
an AA fa mating in the next generation 


Then follow the numbers 14 and 8&7 in the 


for each generation sing 


which, 
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random number table and the row for mating 

14 % Aa shows that the next mating again 
is AA X% Aa. The numbers which follow in 
the random number table are in sequence 38 
and 97, 97 and 31, 11 and 74, 43 and 36 show- 
ing that F;, Fs, F; also are composed of 2 AA, 
2 Aa, 0 aa, but that the series reaches fixation 
as AA in Fs. 

The actual result from 100 series is shown 
in Table Il. To find the average percentage 
of heterozygosis all series are added. If one 
series ends in Fs, as the second series did, with 
4 AA, 0 Aa, 0 aa, these figures must be re- 
peated for each new generation until) all se- 
ries have reached fixation. The average per 
centage of heterozygosis may be compared with 
the well known theoretical expectation. The 
most important point is, however, to stress 
the variability: though it took 25 generations 
(or 23 after F.) before all series had reached 
fixation, not less than 17 were already fixed 
in Fs, 13 more in Fy and so forth, 

Experiment 2. Three pairs of parents per 
generation 

As the students were acquainted with Droso 
phila breeding, the experiments were visual 
ized thus: To start a certain generation three 
pairs of flies are put into three breeding vials, 

TABLE I. 


Working table for experiment 


propor Parents fc 
tions expressed tion, dete 


as fourths 


Progeny, 
I'ype of 


TABLE II. 


as AA 


4a 


les fixed 


nt of heterozygosis 


TABLE Ill 


Parental 
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mating types 
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TABLE IV. 
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AA 


4a 


Number of series fixed 


Average percent of heterozygosis 


Abridged results 
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one pair in each. When the offspring hatch, 
the etherized flies are mixed in a large heap 
on the table. From this heap three new pairs 
are put into three different breeding vials and 
the same procedure is repeated generation 
after generation. It is emphasized that in this 
way in each generation there will occur flies 
of different degrees of relationship, from full 
brothers to less related ones. On the average 
the trend toward homozygosis proceeds at the 
same pace as if there were three pairs of free- 
ly interbreeding animals per gineration. It is, 
however, simpler to construct a working table 
when it is thought that the breeding animals 
do propagate pair by pair. 

The working table consists of 56 rows, of 
which Table II shows only four. The propor 
tions in the middle part of the table are easily 
calculated. If there are ni, ns, Ms, ns, Ns, Ne, of 
the six possible matings (in the order shown 
in Table III) these proportions are 


> 4 ) ? 
“Ns Ne £™m 2n 
AA, : : la 

12 


4m 2 me ny 
12 


4 Ne 


12 


ad, Now, 100 is not divisible by 


12. One may therefore in the table of random 
numbers omit four numbers, for instance 96, 
97, 98, 99. But such a rule may be somewhat 
troublesome to follow, and we have instead 
made some unimportant modifications with re- 
gard to the numbers in the right part of 
Table III. So, when the proportion in the 
offspring is 4 AA, 4 Aa, 4 aa we give two of 
the genotypes 33 numbers, and one genotype 
34 numbers. Other similar modifications were 
also made. Table IV includes the abridged re 
sults of the actual experiment. 


Results from experiment 1. 


Excerpt f-om the working table for experiment 2. 


Parents for next gene 


Progeny; proportior determined from the r 
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The results of 1 and 2 are 
compared. It is stressed that, whereas breed- 
ing in large populations leads to genetic equi- 
librium, inbreeding leads to homozygosis, but 
the rate of this process is slower when the 
number of breeding animals per generation 
is larger. The great variability is emphasized 
again although it took 49 generations from F, 
to get all the 100 series fixed, four series were 
already fixed in Fy and nine in F 

Experiment 3. Brother-sister 
complete selection against aa 

Only three types of matings are possible, 
since aa can never be a parent. The initial 
Aa * Aa mating results as usual in the pro 
geny 1 AA; 2 Aa; 1 aa, which means that 
the potential parents for the next generation 
are 114A: 2 Aa. The working table in this 
case is very simple (Table V). The actual re 
sults of 100 series are (abridged) in 
Table VI and are compared with the fre 
quency of 1/ne expected for aa in the case of 
complete selection in large populations. It is 
emphasized that inbreeding diminishes the ef 
fectiveness of selection. The variability among 


experiments 


mating with 


shown 
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the series is also stressed. 

Experiment 4. Brother-sister mating with 
incomplete selection against aa demonstrating 
drift 

It is supposed that the three zygotic types, 
AA, Aa, aa, are equally fertile and produce 
their offspring in normal proportions, but that 
selective mortality during growth makes it 
three times more possible for the zygotes AA 
and 4a to reach maturity than for tl 
aa. The left and the middle part of the work 
ing table (Table VII) will be the same as for 
experiment 1 (Table I), but the right part 
will be changed 


1¢ zygotes 


The results (abridged in Table VIII) show 
that of the 100 series nine were fixed as aa in 
spite of the strong against 
aa. It is emphasized that this drift phenome 
non cannot occur in large populations as 
selection pressure in such populations 
leads to extinction of aa, if not 
by mutations Aa 


Brothe 


selection pressure 


even 
a taint 
inevitably 
counteracted 
Experiment 5 
overdominance 
It is assumed that the 


sister mating with 


possibility of rea h 


TABLE V. Working table for experiment 3. 
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TABLE VI. Abridged 


TABLE VII. Working table for experiment 4 (left 


and middle part are the same as in Table I). 
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TABLE X 
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I I 


TABLE IX (left 
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Working table for experiment 5 


Table I) 
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ing maturity is four times as great for zygotes 
Aa as for zygotes AA and aa. The left and 
middle part of the working table is again the 
same as for experiment 1. The right part 
is shown in Table IX. The actual results are 
shown (abridged) in Table X. 

Here it is emphasized that whereas such 
overdominance in large populations (when 
starting with an F,) does not affect the genetic 
equilibrium, in this case inbreeding also leads 
to homozygosis. The rate is, however, much 
reduced, The great variability is again stressed : 
three series were fixed in F; but one series 
needed 172 generations from I, to reach fixa- 
tion. 

Obviously other types of inbreeding effects 
may also be demonstrated by the use of ran- 
dom number tables and suitable working ta 
bles; e.g. autogamous plants, more than one 
pair of genes and so forth 


Summary 


A simple method is described of using ran- 
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dom number tables for demonstrating inbreed- 
ing effects, showing averages as well as the 
large range of variability. Examples are 
given for inbreeding without selection at two 
different levels of inbreeding intensity, and of 
inbreeding combined with complete selection 
against aa, with incomplete selection against 
aa (showing drift) and with overdominance. 
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HOBLITZELLE AWARD WINNERS ANNOUNCED 


A’ OLORADO soil scientist and two Texas 


plant breeders today won national recog 
nition and $10,000 in cash for their scientific 
contributions to agriculture. The awards were 
presented at Texas Research Foundation’s an 
nual field day at Renner. 

Dr. Sterling R. Olsen of Colorado A & M 
College at Fort Collins, Colo., received the 
Hoblitzelle National Award in the Agricul 
tural Sciences for his chemical research which 
culminated in the development of a better 
method for the measurement of phosphorous 
in soils. This Award consisted of $5,000 in 
cash and a gold medal 

John R. Quinby and Joseph C. Stephens of 
the Texas Agricultural Experiment Station at 
Chillicothe received the Hoblitzelle Achieve 
ment Award for the Advancement of Texas 
Rural Life for their work in developing a 
practical method for the commercial produ 
tion of hybrid sorghum seed. They shared the 
$5,000 Award, and each received a gold medal 

The awards are presented by the Hoblitzelle 
Foundation and administered by Texas Re 
search Foundation. They were described 
by Dr. C. L. Lundell, director of Texas Re 
search Foundation, as “incentive awards to 
stimulate scientists everywhere to turn their 
investigations to the basic problems affecting 
the nation’s agriculture.” 

Dr. Lundell said that the work of Quinby 
and Stephens in providing a genetic method 
for the commercial production of hybrid 
sorghum seed makes it possible for farmers 
throughout the nation to increase by 30 to 40 
percent their grain sorghum yields for live 


stock feed and other purposes. 

“This work almost immediately will add 
millions of dollars to the farm income of the 
nation,” Dr. Lundell said, “for Quinby and 
Stephens have achieved for sorghum the same 
wonderful advances which were brought about 
with the development of hybrid corn.” 

Dr. Olsen used a solution of plain baking 
soda (sodium bicarbonate) to devise a meas 
uring stick to gauge the amount of phosphorus 
available to plants in all types of soil 

“Dr. Olsen’s work provides agriculture for 
the first time with a universal method of 
checking the phosphorus status of soils, and 
gives soil scientists an efficient standard for 
making fertilizer recommendations involving 
this important plant nutrient.” 

The winner of the National Award was 
chosen from among forty-four individuals and 
teams nominated. Members of the National 
Awards Committee were Dr. Oliver S. Will- 
ham, President, Oklahoma A & M College, 
Stillwater, Okla.; Dr. J. G. Harrar, Deputy 
Director for Agriculture, Division of Natural 
Sciences and Agriculture, Rockefeller Foun- 
dation, New York, N. Y.: Dr. C. S. French, 
Director, Department of Plant Biology, Car 
negie Institution of Washington, Stanford, 
Calif.; Dr. B. T. Shaw, Administrator, Agri 
cultural Research Service, U. S. Department 
of Agriculture, Washington, D. C.; and Dr 
Roy C. Newton, Vice President and Director 
of Research, Swift & Company, Chicago, III 

The winners of the Texas Award were 
chosen from among eleven individuals and 
teams nominated 





INHERITANCE AND FREQUENCIES OF 
LEAF MARKINGS IN WHITE CLOVER 


H. L. CARNAHAN, HELEN D. Hitt, A. A. HANSON anp K. G 


EVERAL types of leaf markings 
have been observed in white clover 
(Trifolium repens L.). These in- 
clude the “V” markings as well as red 
pigmentation distributed in different 
patterns on the leaves. The need for 
useful marker genes to facilitate cyto- 
genetic analysis and the possible utiliza- 
tion of a simply inherited character to 
distinguish new strains led to study of 
the inheritance of leaf markings. 
srowny in 1946 presented evidence in- 
dicating that “V”’ markings in Ladino 
clover are simply inherited and are con- 
ditioned by a series of multiple alleles. 
Brewbaker and Anderson! inter 
preted their results on the basis of mul- 
tiple alleles. The alleles reported by 
Brown included V* (high, full V), V! 
(low, full V), V* (broken V ), V+ (bro- 
ken V with yellow tip), ’* (V-point), 
Vi (V, white inside), and v (no mark). 
He recognized that the position of the 
single V is sometimes intermediate (l’‘) 
and difficult to classify as either 1" or 
l’’ Brewbaker and Anderson used the 
symbol V’“ (filled-in V) to replace 
and indicated that this allele and the first 
four alleles listed by Brown. exhibited 
mosaic dominance, i.e., each allele was 
expressed in the heterozygote. They al 
so stated that ’? was dominant to v but 
recessive to all other alleles and was not 
linked with the locus conditioning self 
incompatibility nor with a gene for red 
midrib color. These investigators and 
Smith,’ who studied the inheritance of 
leaf markings in red clover, called at 
tention to the influence of age and shape 
of leaves on their expression ( Figure 6) 
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Frequencies of Leaf Mark Pattern 
Alleles 


In a polycross nursery consisting of 
242 clones of Ladino and common white 
clover several clones with no leaf mark 
(wv) were included. As these plants 
were self-incompatible, polycross prog- 
enies were expected to show the fre- 
quency of the various leaf mark alleles. 
Four hundred and eighty such progenies 
in this material were as follows: v—.31; 
V'—,30; V'—.23; Vr—.O1; Vr—.06; 
V'—08: V4—.01l;: and zero for V/ 
From these data the expected frequen- 
cies of various phenotypes in a natural 
population were calculated and compared 
with counts made on more than 2400 
plants representing several diverse seed 
sources (Table I). In calculating the 
frequencies of various phenotypes the 
genotypes assumed for each class were 
No mark—wv; single V 
v, Viv, Viv, VV, 


as follows: 
Yh VIP Vip, pI 
"lVe ViVe- double V—V'V!, V'V', 
‘*V!; V-point—V?lV’', Vv; broken V 

*V’, V'v; broken V with V-point 

‘*V?: broken V with yellow tip—Vv, 
"byV'9, Vox» V and broken V—V*V?, 
V'vy?, Viv: V and broken V with yel- 
low tip ViVs, Vrs, VT The 


agreement between actual and calculated 


| 
| 
/ 
/ 
| 
/ 


frequencies is reasonably good for most 
phenotypes. The significant de 
parture in the observed frequency is the 
excess of single-V and the deficiency of 
double-V. Other data suggest that some 
plants of the genotype ll‘ and V’'l’4 
phenotypically show a single-V because 
the two V’s are so close together that 


most 


Regional Pasture Research 
S. Regional Pasture 
134 of the U. S. Re 


ae 
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gional Pasture Research Laboratory, Field Crops Research Branch, ARS, USDA, State College 
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TYPES OF LEAF MARKING IN WHITE CLOVER 


Figure 6 


A—no mark; B 
V; & double V : H 
profuse; AK—red midrid; / 


filled-in V 


red leaf 


they appear as one. It is of passing in 
terest that Louisiana white clover con- 
tained no plants with either the broken- 
V or broken-V with yellow point and no 
Kent white plants exhibited a double-V 


or V plus broken V. 


Inheritance of V-Marking 


Crosses were made between similar pheno- 
types and among the various phenotypes. For 


most of the crosses the F,; plants were progeny 


broken V with yellow tip; ( 
plus red midrid; /—red 


(/ and J are from different plants.) 


single 
flecking 


V-point; H—broken V; / 
flecking sparse; /—red 


and I) 


several ways, namely, sib 


testcrossing All 


tested in one of 
crossing, backcrossing, or 
crosses among plants with no leaf mark gave 
progenies with no leaf mark while crosses of 
other phenotypes with no leaf mark gave either 
a 1 to 1 ratio or no segregation. These re 
sults indicate that no leaf mark is recessive 
(77) to all other types and that the V-mark 
ings are inherited on a monofactorial 
(Table Il). The only poor fit was in the cross 


basis 


When plants with double markings were 


crossed with plants with no marking (vv) 
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(Table IIL), the progenies all showed a sin- 
gle mark, neither parental type being recov 
ered. The plants with double markings ap 
parently carry two allelic genes that are dis 
tributed equally to the gametes. The results 
could not be explained on the basis of link ige 
or independent inheritance of two factors. The 
poor fit of the cross V"V’* %& wv only indicates 
the difficulty of a precise distinction of posi 
tion of the V in plants with a single V. 

When plants of various double marking 
phenotypes were intercrossed, good fits to ex 
pected ratios were generally obtained (Table 
IV). The two crosses which gave poor fits 
to expected segregation involved the V’" and 
lV‘ alleles and it appears likely that again diffi 
culty in classification accounts for this dis 
crepancy. It may be noted that it was not 
always possible to distinguish V’V" from V’°v' 
or V""V" from V'"V'. The broken V was not 
expressed in combination with )’°” 

In n*ne of the 12 crosses listed in Table \ 
satisfactory fits to expected ratios were ob 
tained. It is of interest that the three crosses 
which involved parents of like genotype re 
sulted in ratios deviating significantly from 
the expected 3:1. The populations studied in 
each case were relatively large and contained 
an excess of plants with no marking. Cer 
tain seedlings might not have developed the 
leaf mark by the time they were 
An excess of no mark plants would also be 
there were linkage between the 
gene for leaf mark and the one conditioning 
incompatibility. The three crosses in question 
actually represent backcrosses of F; plants on 
to the parent heterozygous for leaf marking 

If linkage is involved, crossover estimates 
between the two loci in the three crosses are 
46.2, 44.3, and 37.4, respectively. Further data 
hearing on this point were obtained by cross 
ing self-incompatible plants exhibiting either 
V,V*, V™., or V" with self compatible plants 
carrying no leaf mark. The F; plants were 
selfed and the Fs: populations classified. In 
each of the four crosses there was a signifi 
cant excess of plants with no mark, the totals 
for the four crosses being 4323V’v 174107 
This deviation is also in the direction to be 
expected if the V alleles were linked with the 
incompatibility locus. The recombination per 
centage calculated from these data is 42.58 

Brewbaker and Anderson! reported no link 
age between the locus conditioning leaf mark 
and the locus conditioning incompatibility. It 
should be emphasized, however, that in crosses 
of the type reported here and with 45 


classified 


expect d if 


percent 


Observed and calculated 


TABLE I. 


Inheritance of Clover Leaf Markings 
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approximately 800 plants are 
a significant departure from 


recombination 
needed to obtain 
a 3:1 ratio 

In some crosses involving plants heterozy- 
gous for single marks, genotypes could not be 
reliably separated. For example, V’” was not 
always expressed in plants carrying the al- 
V*, V'‘, or V"". Similarly, V was not 
expressed in combination with V’"', nor was 
l’” expressed in the presence of V’"” 


lele be) 


Anatomical Variation Associated with 


V-Mark 


comparative anatomy of leaflets with 
markings is of interest. Kaja- 
that the V-marking in red 
from differential growth rates 
in epidermal as compared with palisade cells 
underlying them He speculated that the 
palisade cells were thereby exposed to strong 
er light with consequent destruction of part 
of the chlorophyll. Ryder? has indicated that 
shape and arrangement of palisade cells are 
influenced by light intensity. She concluded 
that the volume of intercellular spaces in 
grown in the may be 
great as those grown in the sun 
In the present investigation, slides were pre 
pared of leaves with and 
without leaves were 


The 
and without \ 
9 
nus* concluded 
clover results 


leaves shade twice as 


sections of 
Portions ot 


cTOss 


markings 


TABLE II. Progenies of F, plants heterozygous for 
various single leaf markings crossed with those having 
none* 


Progenies of crosses of double markings 
no-marking 


TABLE III. 


frequencies of leaf marks expressed as percent 





LEAF CROSS SECTIONS 


Figure 7 


Cross sections of leaflets of Ladino clover are shown. A—a leaflet with no mark; B 
comparable section through yellow tip of leaf showing V-marking. 














Carnahan et a/: Inheritance of Clover Leaf Markings 


fixed in alcohol-acetic-formalin mixture, de 
hydrated by the butyl alcohol method, with 
safranin added to the final change of alcohol, 
embedded in paraffin and sectioned at 25. 
The sections illustrated here (Figure 7) and 
sections from leaves with various other pat 
terns indicate modification of the  palisade 
cells. It may be noted that the palisade cells 
in the V-mark area are less elongated, smaller, 
more irregularly shaped and that there are 
more intercellular between them than 
in the mesophyll of no mark leaves. 


spaces 


Inheritance of Anthocyanin Leaf Markings 


Three reddish to purple characters have 
been noted on Ladino and white clover leaves, 
namely red flecking, red midribs and red 
leaves. The pigment producing this color is 
assumed to be anthocyanin. The red flecking 
is rather common, whereas the other two 
characters are seldom observed in natural 
populations. The number of red flecks and 
intensity of color of the flecks vary consider 
ably from plant to plant and to a lesser degree 
on leaves of the same plant. As plants ex 
hibiting the red midrib frequently show som« 
flecking beyond the midrib, it was difficult 
to classify critically plants resulting from the 
cross of red midrib & red flecking. Similarly, 
the red leaf character largely obscures red 
midrib and red flecking in involving 
these phenotypes. 

In free-hand cross sections of leaves the red 
pigmentation in each case was observed only 
in the epidermal cells, upper or lower, or both. 
It has also been noted that the coloration in 
the leaves of seedlings grown at 50°F or lower 
develops more rapidly than at a higher tem 
perature. Unlike the fall coloration of foliage 
accompanying shorter days and frost, the vari 
ous red characters of white clover, although 
less intense, may be observed in the field dur 
ing the summer. 

Preliminary data on the inheritance of the 
three anthocyanin characters are presented in 
Tables VI and VII. In no case did 


crosses 


a Cross 


TABLE IV. Segregations from intercrossing plants 

with double markings and from crosses between plants 

with double markings and those heterozygous for a 
single mark 


vayt 
vaye 
yayt 
veye 
yiye 
yviype 
vaye 
vip? 
vivey ; 32 
yviye b * 
yiyow x > * 
yayt 53* 


*Indistinguishable phenotypes combined 
tRepresent combinations of alleles in the 
srents of respective crosses 


tindistinguishable phenotypes combine 
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of green green give progeny exhibiting any 
of the anthocyanin characters. All crosses of 
F, plants exhibiting flecking, red midrib, or 
red leaves with green plants gave progenies 
segregating approximately 1:1. Similarly, Fs 
each case approximate a 3:1 
ratio. These ratios indicate that each of the 
three anthocyanin characters is simply in 
herited and that the gene controlling the pro 
duction of red pigment is dominant to the 
allele which results in no red pigment 

In Table VII among the three 
phenotypes which segregated for green vs. red 
pigmentation are presented. It should be em 
phasized that some of this material was not 
grown at low temperature. For this reason 
it appears quite likely that two crosses which 
resulted in ratios approximating 63:1 are a¢ 
tually non-segregating and that the excess of 
green plants in crosses tested for a 3:1 ratio 
that of those plants had not 


segregations in 


crosses 


indicates some 


TABLE V. Segregations from intercrossing plants 
heterozygous for single markings 


* b 


32k0 

1954 

1256 

( 2k? 

{ 40 

( 113 

$3 (90 

(52 
(30 2.00 
88 5 2.10 
95 100 95 4.81 
44 41 45 40) 


x XX 


SIVTIITIssI3s5 
-~oc Frees + Seow oe 


=< - 


*Plants in (a) exhibit the dominant allele of the parent 
listed first; (b), of the second parent, (c¢), both dominant 


alleles; (d), no leaf marking 


TABLE VI. Progenies from crossing F, plants onto 
green plants and in F, populations 


yregatior 


Crosses 


F, Phe type 


1 flecking 
idrib 


d flecking 
1 midrib 


d leaves 


x* for heterogeneity was not significant 


TABLE VII. Segregations obtained from intercross- 
ing plants exhibiting different anthocyanin markings 


Red* Green x? 


$7 

17 

a 

16 

41 

R™ rt 5 

R™ rt I 
R™, S46 0.02 
CR'r 5 17 0.48 


its exhibiting the anthocyanin pattern of 


segregating 
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yet developed the red pigment. Exceptional 
green plants from later crosses, when main- 
tained at a low temperature for a longer peri- 
od, without exception, developed the expected 
red pigment, Ratios approximating three with 
red pigment to one green in the three possible 
crosses among plants exhibiting red flecking, 
red midrib, or red leaves suggest that these 
three characters are also conditioned by a 
series of multiple alleles. The following sym- 
bols are proposed: K', red leaf; R”, red mid 
rib; KR’, red flecks; and r, for no réd pigment 
(green). 


Utility of Leaf Markings 


In designing polycross nurseries it is useful 
to know the minimum number of replications 
required for approximately random pollina- 
tion, Even though white clover is normally 
self-incompatible and largely insect-pollinated, 
information is needed on possible non-random 
pollination. The genotypes of clones with re- 
spect to V-marking can be ascertained by test 
crossing onto plants with no marking. After 
their genotype has been established a polycross 
nursery can then be designed with different 
genotypes placed in proximity to no mark 
plants in the several replicates. Classification 
for type of V-mark of progenies of individual 
plants with no mark should provide a basis for 
estimating the optimum number of replications 
for polycross nurseries. 

Critical information on which to base isola- 
tion requirements for certification of Ladino 
clover is urgently needed. The dominant genes 
Vf and R! which are practically non-existent 
in certified Ladino clover and produce charac- 
ters readily classifiable in the seedling stage 
are particularly suited for use in determining 
minimum isolation requirements. 

The genetic purity of white clover varieties, 
as is true of most other forage crops, is main 
tained through isolating seed fields, limiting 
the number of generations of increase and 
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minimizing mechanical mixtures. The extent 
of contamination in present varieties is not 
readily discernible. As leaf markings are sim- 
ply inherited, parents of future varieties could 
be selected for any one of several leaf mark 
patterns. The no-V pattern would be most 
useful as approximately 70 percent of the out- 
crosses could be detected if one assumes that 
the frequency of the recessive allele in natural 
populations approximates that estimated in 
this study. 


Summary 


A series of V-markings in white clover is 
conditioned by an allelic series and simply in- 
herited. Evidence suggests possibility of link- 
age of the gene for V-mark and the one con- 
ditioning incompatibility with about 42 percent 
recombination. Red flecking, red midrib, and 
red leaves of white clover are also conditioned 
by a series of multiple alleles dominant to the 
one resulting in no red color. Modification of 
palisade mesophyll is associated with the 
V-marked areas and red color is restricted to 
the epidermal cells of red areas. 

The inheritance and frequencies of different 
alleles provide a basis for use of these markers 
in breeding and certification studies, 
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V-LEAF MARKINGS OF WHITE CLOVER 


James L. 


HE leaves of white clover (7 rifoli 

um repens L.) are characteristical 

ly marked with white or light 
green V-shaped bands which are con- 
fined to the upper surface of the leaflets. 
Trifolium species which exhibit similar 
leaf markings include T. ambiguum, T. 
dubium, T. medium, T. michelanianum, 
T. nigrescens, T. pratense, and T. sub 
terraneum. In T. repens as in T. pra 
tense’ the markings are characterized by 
the absence or low concentration of 
chloroplasts in the palisade tissue of the 
leaf. 

Atwood! reported that 
marking types were useful as genetic 
markers in white clover investigations, 
and that the absence of marking was re 
Brown® concluded that the V- 
markings were controlled by a series of 
multiple V alleles, of which he listed 
eight. Allelic relationships were not de 
scribed in the brief report of Brown. The 
present paper is a detailed report of re 
search which has been discussed in part 
elsewhere.*;* The main objective of the 
study was that of elucidating the domi 


several leaf 


cessive, 


nance and positional relationships of fac 
tors conditioning markings in the differ- 
ent phenotypes studied. 

Parental plants were grown in large 
part from seed lots of Ladino and wild 


white clover from the U.S.D.A. Re- 
gional Pasture Research Laboratory at 
State College, Pennsylvania. Some of 
the parental clones came from cuttings 
and seed collected in pastures and lawns 
in the United States, Canada and Eu- 
rope. All plants used as female parents 
for crosses were self-incompatible.. The 
segregations of reciprocal crosses of pa 
rental clones were similar in all cases 
and were pooled for analyses. Chi-square 
values for all two-class segregations were 
corrected for continuity by reducing the 


BREWBAKER®* 


differences of observed and 


values by 0.5. 


( xpected 


Tester Clones 


The four most common marking 
phenotypes of white clover plants ob 
served during this investigation were the 
“full V" marking, 
and “V-point” 


These were designated sym 


absence of marking, 
“broken V” 
marking. 
bolically as types O, A, B and ( 
tively (Figure 8). Only O type plants 
were obtained in the selfed progenies of 
© type plants and in O X& O hybrid 
progenies (Table I). Several A, B and 
C type clones were crossed to O type 
plants. Certain of these crosses produced 
non-segregating A, B and C type proge 
nies, respectively, while the majority 
segregated about one-half O type plants 
Data from segregating O&* A, O B, 
and OX C summarized in 
Table I. In accordance with the findings 
of Brown,® the O type may be considered 


marking, 


. res} w* 


crosses are 


to be the homozygous recessive vv, with 
\, B and C markings under the control 
(full V), V*. (broken V), 
and I’? (V-point), respectively. Hetero 
zygous plants of the A, B and’C types 
and homozygous © type plants were 
as tester clones for subsequent 


of genes l ; 


used 
CTOSSES 

Hybrid progenies of heterozygous A 
and B clones (Table I) segregated O, A 
and B types, plus a fourth type AB 
(Figure9), in approximately equal num 
The AB type had a faint A-mark 
ing separated only slightly from the 
distal B-marking. The 
plant of the AB type as female to an O 
type plant as male segregated, somewhat 
unexpectedly, 2O:19 A: 16B:1 AB 
According to the hypothesis of allelism 
of factors conditioning the A and B 
phenotypes, only A and B type offspring 


bers 


testcross of a 


*Assistant Professor, College of Agriculture, University of Philippines, and Cornell Uni 
versity, New York. The investigation was supported in part by a National Science Foundation 


fellowship while the author was at the Genetics Institute of the University of 
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Sweden 
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SIMPLE LEAF-MARKING TYPES 
Figure 8 


The four most common types of leaf marking are designated O, A, B and ( 
marking; “broken 


represent the absence of marking; “full V” 


marking respectively 


should have resulted from this cross. 
The single plant of type AB may have 
been a fortuitous self, while the two O 
type plants—barring mutation and in 
complete penetrance—are suggested to 
have arisen from crossing-over between 
linked A and B loci, Since no other 
convincing evidence of positional pseudo- 


These 


V” marking and “V-point” 


allelism was obtained in the crosses to be 
described, the hypothesis of multiple 
allelism of V factors (Brown®) has been 
utilized in the interpretation of all re- 
sults. 

Intercrosses of heterozygous A (lv) 
and C (Vv) clones segregated O, A 
and C type plants in a 1:2:1 ratio (Ta- 
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ble 1), confirming the allelism of 
controlling the A and ( The 
tips of markings on some of the A type 


plants were more or less diffuse and 


genes 


markings, 


broadened, suggesting the presence of 
overlapping A and C markings. In AC-2 
progenies to be discussed later it was 


possible to distinguish phenotypically the 
genotypes Vv and Vl’". 


Intercrosses of clones B (I’8v): and 
C (Vv) segregated O, B and C type 
plants in a 1:2:1 ratio (Table 1), sug 
gesting the allelism of genes controlling 
the B and C markings. No plants having 
hoth B and C markings were observed, 
ndicating the dominance of the I” allele 
over V? in l’*lV’? heterozygotes 


Testerosses of Two-Marking Clones 


Several clones which had two leaf marking 
(Figure 9), either well separated or partially 
overlapping, were testcrossed insofar as pos 
sible to O type (vv) testers and to heterozy 
gous A (Vv), B (Vv), and C (lV Pv) type 
plants 


1B Types. Two clones which showed both 

4 and B markings were testcrossed to O, A, 
B and C type plants (Table Il). The first of 
these clones, AB-1, had a faint A (full V) 
marking with a clear white B (broken V) 
marking immediately outside or distal to the 
\ (type AB, Figure 9). AB-1 was phenotypi 
cally similar to the AB type progeny obtained 
from the A * B crosses which have been de 
scribed previously. The segregations of AB-1 
with O, A and B clones indicated it 

a heterozygote or compound of alleles 


“and I’® (Table 11). While the A-markings 


crosses 


to be 


"TABLE I 


Number 


Segregations in progenies 


of all AB were faint and light 
the A type plants in these families invariably 
had clear white A-markings The greater 
chloroplast development in A-markings of AB 
than in those of the singly-marked A 
plants was also noted in 

to be described 

been thought of as 
over | 


types green, 


types 


typ several families 


This allelic interaction has 
a partial dominance of |'4 
with re spect to « hloroplast deve loprn nt 
in the A-marking 

Clone AB-2 showed an 
was equally as white distal B-marking, 
and the two were well separated on the leaf 
(type ABH, Figure 9) The two 
segregated as if under allelic control (Table 
Il). Seven plants among the progeny of 
C & AB-2 showed both B (broken V) and 
C (V markings. These plants wer 
phenotypically identical to plant BUC (Figure 
9) to be considered later. The combined re 
sults from the limited AB-2 crosses and thos 
of the BH( (Tables II, V) suegested 
that the B-marking of clone AB-2 was con 
ditioned by a broken-V allele distinct 
that encountered previously, and it 
cordingly designated V4 (broken V, 
Unlike allele V’“, the allele V2 did not « 
scure by dominance the presence ot the ( 
marking in compounds of these alleles, nor did 
it influence the expression of allele |’ in ABH 
plants 

1C Types. Two clones displayed leaf mark 
ings which were found to result from 
binations of full V and V-point markings 
Leaves of clone AC-1 (type AUC, Figure 9) 
had the A (full V) marking distal to, and 
well separated from, the C (V-point) 
of AC-1 with O type plants segregated equal 
numbers of A and C type plants. (Table IIT) 
The progeny of A AC-1 segregated A and 
C type plants, as well as five plants with two 
distinctly A-markings (type A™A 
Figure 9) Phe distal A marking 
(A) was observation, and sub 


A-marking which 
as the 


markings 


point) 


clone 


Irom 


com 


Cros cs 


Se parated 
high of 


inferred by 


of tester clones O, A, B and C€ 
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sequently confirmed experimentally (Table 
VII), to be that of the AC-1 parent. This A# 
marking was attributed to a sixth allele, 4 
(full V, high). Plants identical to the AC-1 
parent were obtained from the C & AC-l 
cross, along with A and O type plants in the 
ex pec ted proportion ot ea The relative 
position of AH on the leaf was shown to be 
that of B (conditioned by allele |’4) 
observations that: (1) V8V" plants 
in the progeny of B & AC-1 showed only the 
\4 marking; and (2) both A# and B mark 
ings were slightly proximal to BH and distal 
to A on leaves of the respective allelic 
pounds 

Clone AC-2 
as an A type 
variable size at 
tip ot the full V. 
gated in O & AC-2 testcross progenies, sug 
gesting it to be a compound of the V and V! 
alleles (Table IIL). This was confirmed by 
the appearance of AC types similar to clone 
AC-2 and having the V allele of the A 
parent with the V? of AC-2 among the prog 
eny of A & AC-2, Similar compounds of V 
and |’? alleles were classified as type A in 
progemes of A & C (Table 1) and A « AC-1 
(Table III). Leaves of AC-2 and its progeny 
were comparatively long and narrow, and the 
size of the “eye” area separating A and ¢ 
markings appeared to vary in direct proportion 
length. This has been assumed to a 
count for the failure to observe the “eye” in 
the relatively short leaves of VV’? plants in 


\ * Cand A * AC-1 families 


1) Types. Two clones possessed both full 
V (A type) and “filled V” markings, the lat 
ter being designated type D. Clone AD-1 was 
classified under field conditions as type D (se¢ 
Figure &) However, 


| } 
neariy 


by the 


com 


(type  « 
clone with a 
the midrib of the 


Both A and ¢ 


igure 9) appeared 
green “eye” of 
leaf in the 
types segre 


Ly pe 


to leaf 


vigorous greenhouse 


produced some leaves on which an 
marking could be discerned at the 
of the D (type AD, Figure 9) 
A and D types segregated in nearly equal 
numbers in the testcrosses of AD-1 to O and 
to ( ty pe clones (Table I\ ), Suggesting that 
the |) or filled V-marking was controlled by 
an allele in the V series 
Leaves of clone AD-2 (type 
9) had distinctly separated A 
and A and D types (indistinguishable 
those in AD-1 progenies) appeared in 
ratio among the O &* AD-2 testcross 
progeny (Table IV). It was inferred from A, 
B and C testcrosses of AD-2 that it 
compound of the V4 (high V) allele and an 
other allele which was designated V? (filled 
V). It is suggested that the D-marking of 
AD-1 (above) was controlled by the 


cuttings 
\ type 
distal edge 
The 


Figure 
mat k 


AH), 
and D 
Ings, 
from 


a t57 


Was a 


same 
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LF allele While the 
masked both A and ( 
and VFVt compounds, the 
(Table IV) and BHD (Table VII) types 
thta the B and B4-markings were 
distance distal to the edge of 
the D-markings. BD plants derived from B 

AD-2 had an B-marking with a much 
fainter D (Figure 9), suggesting that [8 
exhibited partial dominance over |’? with 
to chloroplast development noted 
compounds of V8 and V 


D-markings apparently 
VFV 
BD 


markings in the 
occurrence of 


indicated 
located at some 


iInterise 


respect 
previously for the 
(full V) 
BAC Type 
ings (type B"C, Figure 9) was crossed to 
QO, A, B and C testers. From segregations of 
these (Table V), BUC was inferred 
to be a compound of the V44 (broken V, 
and V? (V-point) alleles. Plants of 
phenotype were obtained in the pri 
( X AB-2 (Table II) \ 
BHB, was obtained from the 
rhe two B type marking 


One clone with B and C-mark 
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similar 
weny ofl 
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of B BH¢ 
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Cl / pes Clone CE (Figure 9) had a 
marking combining the C type V-point with 
a very low or basal full \ Ihe basal V did 
not open in all leaves to form a distinct A-type 
“V" an was type E (Figure 8) 
Che results of CE crosses (Table VI) 
it to be. a heterozygote of the V’? (\ 
allele with an eighth allele which was desig 
nated V4 (low V) The Kk marking condi 
tioned by V located imally to all 
other markings (Figure 9). The |’#V/ 
pounds resulting from B & CE crosses 
BE, Figure 9) had faint E-markings, 
strating again the partial dominance of V4 
over those alleles conditioning marking 
mal to B on the leaf, as the A and D type 
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COMPOUND LEAF-MARKING 


Figure 9 


The 13 compound leaf-marking phenotypes 


various types 


are illustrated. See 
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COMBINATIONS OF EIGHT V-ALLELES 
Figure 10 


Illustrated are leaf markings representing all combinations of eight V-alleles. Markings 
represented by symbols in parentheses did not appear in all leaves. 
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incompatible marked plants (e.g., SeSyVV) 
with  self-fertile unmarked plants (eg., 
S,;S;vv). Selied progenies of these hybrids 
segregated marked: unmarked plants in the 
proportions of 358 A: 105 O, 38 B: 14 O, 
101 D: 40 O, and 34 E: 22 O, respectively 
In no could marking 
distinguished from heterozygotes with the re 
cessive uv allele. A close linkage of V and § 
loci would effect, in such a test, Fy segrega 
tions showing pronounced § deficiencies of 
marked plants. However, the individual segre 
gations well as the summarized ratio of 
531 marked: 181 unmarked show cor 
respondence to the 3:1 ratio expected on the 
assumption that S and V loci are independent 
ly inherited. 


case homozygotes be 


as 


close 


Discussion 


have been 


the segregations 


Kight V-leaf marking alleles 
postulated on the basis of 
described. These alleles are listed in Table 
VIII with the phenotypes representing the 
homozygous condition of the respective alleles 
The results of the present study may not be 
compared strictly with those of Brown,® al 
though it is suggested that alleles, v7, V8, V4 
and V4 are the same in both studies. The V’/ 
and V’ alleles described here appear to 
analogous to the V4 and V! alleles of Brown 
Among the eight alleles listed by Brown was 
the allele 47 (V-broken, yellow tip). This 
type was also observed in the present investi 
gation (type F, Figure 8), and preliminary 
appear to confirm Brown’s report of its 
by an allele at the I’ locus. In addi 


be 


data 
control 


TABLE III. 


Segregations of AC 


tion to the marking types described, plants at 
the John Innes Horticultural Institution, Hert 
ford, England, were observed to 
“spread V” marking. This marking 
like a D (filled V) marking with a spot of 
chlorophyll developing at the of the 
marking. In crosses with O type plants the 
spread V-markings segregated as if controlled 
a gene which was partially dominant to 
(K. K. Pandey, unpublished) 
rhe phenotypes of homozygotes and hetero 
zygotes (compounds) of the eight V 
listed in Table VIII are represented diagram 
matically in Figure 10. The genotypes V4V4, 
VBhAV Bh, VLVH, and VLVF not obtained 
among the progenies studied, and the respec 
tive phenotypes as diagrammed are based on 
inference from related marking types. All 
allelic compounds except those involving I’ 
exhibited dominance (cf. Tan®), ice., 
they showed pattern superimpositions of the 
markings controlled by the two alleles in the 
compound. In the case of 8 compounds, the 
l’® allele was completely dominant to the V’? 
allele and partially dominant to the V’, V4 and 
the IV’? alleles. Partial dominance was mani 
fested by the increased chloroplast development 
of the markings conditioned by the V’, V4 
and V’F alleles in the respective two-marking 
types with B-markings 

The V-leaf marking alleles of white clover 
may be considered to have two primary attri 
butes. One is that of the shape or type of 
marking, the other being that of the relative 
position of the marking on the leaf. The 
phenotypes of two-marking plants served 
define the positional relationships of the seven 
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POSITION OF V-LEAF MARKINGS 


Figure 11 
Leaflet diagrammed to show relative posi 
tions of seven V-leaf markings. 


markings at five different levels on the leaf 
(Figure 11). The distal edge of the D-marking 
coincided approximately with the A-marking. 
The B and A markings were apparently lo- 
cated at the same level. The FE, C and BH 
markings each appeared at a positional level 
distinct from the others. The different levels 
of the V-markings might be inferred to repre 
sent time zones in leaflet ontogeny at which 
V alleles operate to prevent the normal elabo 
ration of chlorophyll in palisade tissues. 

The degree of separation of markings at any 
two levels was influenced by the shape and 
relative dimensions of the leaves. As an exam 
ple, the short-leaved field-grown plants of 
clones AB-1 and AD-1 appeared to be of the 
A and D phenotypes, respectively, while the 
more robust greenhouse cuttings were readily 
recognized as allelic compounds (types AB 
and AD, Figure 9). Similarly, the ABH 
marking of the compound VI’#+ showed a 
greater separation of A and BH markings on 
long narrow leaves of plants in BC progenies 
than on the short and broad leaves of plants in 
AB-2 progenies. 

The possibility of positional pseudoallelism 
of “A” and “B” leaf-marking loci was noted 
in connection with the segregation of the cross 
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Number of 
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Parental 


Parents genotypes lo 
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to O types of an AB type plant obtained in the 
progeny of A x B. Single plants were recoy 
ered in each of two other progenies that could 
not be accounted for on the basis of the simple 
multiple allelic scheme, but that might have 
resulted from crossing-over within a compound 
V locus. Although the alternative explanations 
of mutation and contamination could not be 
absolutely excluded in any of these cases, the 
possibility of a V gene complex would appear 
to warrant further study. 

The more common V-markings in popula 
tions of white clover appear to be the O, A 
and C types, of which A is probably the most 
frequent. The A tester clone (Vv) of the 
present study was extensively crossed for in 
compatibility investigations?, 3 in which it was 
designated b2 and its colchicine-doubled equiva 
lent, B2. It was used in addition as tester 
parent in crosses to study the inheritance of 
red flowering, red flecking, rudimentary co 
rolla, and other mutants. All of the A type 
plants crossed with b2 were found to possess 
the same full V allele, V’, in single or double 
dose. In contrast, the /’4 (full V, high) allele 
was experimentally discerned only in the AC-1 
and AD-2 clones of the present study. The 
most heterogeneous seed lot grown was of 
wild white clover from the Pasture Research 


Segregations of crosses of two-marking 
clones 
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V-leaf marking alleles and markings 
(See Figures 8 and 9) 


TABLE VIII. 


they control 


Type of marking 
Allele Description Symbol 
v no marking Oo 
Vv full V 
ya full V, high 
ye broken V 
yaa broken V, high 
vP V-point 
vF filled V 
yl low V 


Segregations in testcross progenies of clone CE 


P value 
Expected for 
ratio chi-square 


AE BE CE 


20-.10 
95~-.90 
50-30 
10-.05 
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Laboratory at State College, Pennsylvania, in 
which the following phenotypes were recorded 
50 O: 283 A or AH: 17 B or BH: 18 C: 2 D 
13 AHA: 7 AB or AHB: 2 AHC: 1 AHD 
1 BH 

The O, A, B, and C type 
also been observed and studied in 
nigrescens. Preliminary evidence indicates that 
a V-marking locus with multiple alleles is 
similarly operative in this species. The postu 
late has been forwarded that 16-chromosome 
I’. nigrescens is one of the ancestors of the 
32-chromosome T. repens.6 This postulate 
was based in part on genetic evidence suggest 
ing that the V loci of the two species are lo 
cated on chromosomes which pair essentially 
at random in the 48-chromosome tetraploid 
hybrids of the two species 


markings have 
Trifolium 


Summary 


The V-leaf markings of white clover were 
studied, and the segregations in a series of 
testcrosses of selected clones were recorded 
Seven marking types were attributed to alleles 
of the |’ (leaf marking) locus. The alleles 
producing markings were designated V’ (full 
V), V# (full V, high), V? (broken V), V2 
(broken V, high), V? (V point), VF (filled 
V) and VL (low V). Homozygotes of an 
eighth allele, v, had no leaf marking; vw was 
recessive to all other alleles It is suggested 
that two additional markings observed during 
this study are controlled by alleles at the V 
locus 

With the exception of VV" heterozygotes, all 
allelic compounds exhibited mosaic dominance, 
i.e., pattern superimposition. Allele V"® was 
partially or completely dominant to the l’, l’f, 
VL, and VP alleles 
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Leaf markings were distinguished primarily 
two ‘attributes—(a) shape or 
and (b) position of the 
five different levels on the 


on the basis of 
form of marking, 
marking at one of 
leaf 

The V’ locus and S$ incompatibility locus of 
white clover segregated independently 
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REVEIW OF THE PRINCIPALS OF GENTICS 


A. F. 


FOR centeries their was atempts to ex 
plane heridity until finely to Eourpean sien- 
tists made laws. Frances Dalton discovered 
human hight differents. He was the father of 


*Actually the work of more than one author, all undergraduates 
work of persons living or dead is not coincidental 
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gression. In a sence regression is a through 
back but it easly do to enviorment. Proff is 
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Mendal was an Australian monk. He used 
inbrid varities of peas wich naturely self 
ferdilize. Some were unormal but all there 
traits were genitic. He pared of deffinent 
visable characteractics and discovered they 
was dominent or ressive. This expermint 
showed that the genes are on the chromo- 
zomes. The ressive gene dosent get lost it is 
just hiden. The domnint and resessive get 
delt out like cards by meitois. Many com- 
menations are posible. They all seggregate by 
chance. The plant dosent care wich she trans- 
mitts. Mendle wouldably have had less sucess 
with things like liter size or prolificy. Com 
paired with Dalton he was probily less famous 
in there day. 

A important man in modern developements 
was Batson. He done more than Mendal in 
complicated hereidity and.,sexlinked charterics. 
He worked primaryly on sweat peas and chick- 
ens and preformed crosses that showed how to 
explane avatism. He didnt use statists as much 
as Dalton. He concidered ressive genes were 
do to absents but dominint genes were pres- 
ents. This theroy was realy buy another man 
but he recieves the credit. 

I have all ready explaned how charterists 
go together. They are called alelles. Some ad- 
normalties is dominanted by the dominate gene 
but others is not. If a ressive gene becomes 
homogeneous it becomes dominent. If it is het- 
erogeneous it doesnt show in the phenotype 
even thow it is in the genetype. 

When yow cross to vareities with diferent 
resessive abnormalties revision to the orginal 
type or normal results in F;. This is called 
atavavism, For example crossing albino rabits 
with long hair ones will give normal plants in 
F,. Their is two kinds of throughbacks this 
is one and the other is a ressive charter croping 
up in the Fy. We arn’t sure wheather lenth of 
stem or strenght is a single charcteric but we 
can carry throw the same posibilitys. The 
presents of a dominite gene has to be able to 
cover the weekness of the ressive, and visa 
verses, Sometimes ressive genes can cover up 
dominate ones and then it is consevable that 
epitistic ratios will come out in Fz. 

Sex linked charters are only found in one 
sex but their not limited to it. They have a 
Y in one sex insted of a gene. Birds are difer- 
ent from mamals in there chromosones so the 
woman (female) is what deturmines the sex. 
Thats why the sexs of young foul can be cacu- 
iated commerically. I mamals the sex charac- 
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terarics are eveadent all ready at birth. Since 
hens have the lacking of one sex chrosome it 
is easly indentified. 

If a hemphiliac man maried a woman car- 
ring the colored blind gene there adnormalties 
are not allelles. Color blind women are very 
rair. Male (worker) honybees come from un- 
ferdilized eggs so his genes cant be homozous 
or hertozygous. Therefore the it can be shown 
that there is 2 chromsones for each aleles. 
This is the reason for the F, being only one 
sex. If this worked in swine they would not 
need castorating. But in poultry it is to as 
good of an advantage to just seperate the 
sexes. For example if you cross a columbian 
silver cock with a redish hen their sons will 
be crossed over. The silver gene blotts out 
the pinck pigment. Purbreds dont show cross 
ing over in mieosis so predicition is not difi 
cult. 

From all these nown facts we can figgure 
out practicle problems. It is nessesary to rem- 
ber that envirment desides the charactics just 
as much as heridity does, like deseases or and 
etc. Not all adnormal off-spring are ressive 
prodogy. Of course if their is no mongrelizm, 
such as purebrid herford, the prodency will be 
of the same varitiey. By breding hybreds in 
sussessive generations you will get mongrols. 

Concidering the pettigree or precentage of 
the ancestory is helpful. Linebreeding ania 
mals keeps them all related by decent. Good 
preformance is improved this way but 
cassionaly good sires carrie freek charcters 
hiden. Theoreticly there possible to elemenate 
but the sorce is mutations or similair definate 
dammidge to the neucleus. 

You should not let a pure varity cross with 
another specie all together. If you have a 
cross of two genus of the same specie, such as 
cherry X plumb or peasant X chicken they 
are to far apart and the hybreds will be steril. 
(A hatchery that says its stock is 1/16 pheas 
ant is a lier.) Plants dont have sex hormones 
secreated by glands so they can be infertil and 
still be propagated by aesexual methods, such 
as graphting. Even if they have purfic flow- 
ers getting good seeds cantn’t be done 

In animals if 2 males mate with one female 
it depends which sperm ferdilizes the ovary 
The one’s who sperm goins first is lible to be 
the father. Mother Nature just wants strong 
and hartty speices, and if they don’t pass the 
hazzards of life their not alowed to go on. 
Only the fitest servive. 


oc- 





PRODUCTION OF HIGH AND LOW 
BLOOD-pH LINES OF MICE BY SELECTION 


with Inbreeding 


J. A. WEIR AND R. D. 


HE investigation reported herein 

was part of a project designed to 

study the nature of genetic resist- 
ance to infection in mice.':!! One phase 
of the project called for production by 
selective breeding of high and low blood 
pH lines of mice. Discovery of a rela 
tionship between blood-pH and_ sex 
ratio” 9 has led to a reexamination of 
the selection data with a view to deter 
mining something of the nature of the 
inheritance pattern. 

With a little practice it is not difficult 
to obtain 0.5 cc of blood from the heart 
of a mouse without killing the animal. 
The sample of whole blood can be trans 
ferred without loss of COs to a micro 
glass electrode for determination of the 
hydrogen ion concentration and, because 
matings can be devised on a basis of 
individual blood-pH determinations, a 
genetic analysis is possible. Since the 
investigation had as its object the devel- 
opment of strains of mice which would 
be characterized by high and low blood 
pH, selection was coupled with inbreed 
ing. Mass selection with a minimum of 
inbreeding would have been a more ap 
propriate procedure if interest had cen 
tered on the theory of selection. 

Phosphate, bicarbonate, and protein 
systems buffer blood so well that most 
attempts to alter blood-pH experimental 
ly have resulted only in transitory 
changes. The stability of blood-pH and 
relatively narrow pH range compatible 
with life would, at a glance, seem to pre 
clude the possibility of tsolating genetic 
factors. Yet, the very stability of the 
buffering capacity of blood would sug- 
gest that observed differences between 
individuals are likely to be genetic. For 


CLARK* 


example, Shock and Hastings’? observa 
tions that normal individuals in humans 
differ from 
and that blood-pH values average slight 
ly higher in women than in men, clearly 
a genetic interpretation Chere 


significantly one another, 


suggest 
was good reason to expect to find ge- 
netic variation of blood-pH in an out 
bred population of mice, because differ 
among inbred lines had already 
been demonstrated. Weir,’ employing 
five of the Iowa State College inbred 
lines, found that 40 percent of the varia 
tion in blood-pH could be accounted for 
by genetic differences among 
strains. Of the remaining variance, 50 
percent was attributable to variation 
within mouse strains and 10 percent to 
differences between days of test. Means 
for the five mouse strains were S-7,427, 
RI-7.434, L-7.355, Ba-7.361, and Z 
7.285. There were three distinct popu 
lations of mice with respect to blood pH 
S and RI, L. and Ba, and Z 


Materials and Methods 


ences 


mouse 


A strain of mice known to possess ge 
netic variability was required, Also, 
since the project would involve system 
atic testing for resistance to mouse ty 
phoid, it was imperative that the initial 
stock be one not hitherto employed 1! 
host pathogen studies. MacArthur's 
random bred control stock,®® originally, 
obtained from crossing seven laboratory 
strains, fitted the requirements. Accord 
ingly a number of mice were obtained 
from the University of Toronto through 
the courtesy of Dr. L. Butler. Twenty 
two and 15 survived a 
stormy trip from Toronto to the Uni 
versity of and formed a 


females males 


Saskatchewan 


*Department of Zoology, The University of Kansas, Lawrence, and Dominion Experi 
mental Station, Lethbridge, Alberta. This investigation was supported by grants 
Saskatchewan Research Council, the National Research Council of Canada, and research grant 
(G-3141) from the National Institutes of Health, United States Public Health 
tribution from the Zoology Department, University of Kansas, Lawrence 
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nucleus which was expanded into a col- 
ony of about 400 mice. From this group, 
280 were chosen at random and tested 
for blood-pH. These constituted the 
foundation population (generation 0) of 
the selection experiment. 

Mice with the highest and lowest pH 
tests were used to establish high and 
low strains, Seven males and 23 females 
were used to establish the high line and 
the offspring of these matings were des- 
ignated pHH, S-1 (pH high, first se- 
lected generation). Similarly six males 
and 19 females with low blood-pH were 
mated to establish the low blood-pH line 
(pHL, S-1). Matings were assortative 
with negligible inbreeding ; consequently 
the S-l generation was the result of 
mass selection. 

To produce the S-2 generation, 10 
males and 22 females were used from 
the high line and 10 males and 20 fe- 
males from the low line. The mating sys- 
tem involved full-sibs, half-sibs, and un- 
related individuals; therefore the effects 
of inbreeding as well as the effects of 
selection will be considered in the analy- 
ses which follow. (‘‘Unrelated” refers, 
in all cases, to animals less closely re- 
lated than first cousins.) The same pro- 
cedure was followed to produce the S-3 
generation with the added complication 
that among the full-sib matings there 
were mice which were themselves the 
progeny of full-sibs, mice from half- 
sibs, and still others from unrelated par- 
ents. The half-sib and unrelated mat- 
ings to produce S-3 were complicated in 
the same manner as full-sib matings, but 
to a lesser degree. Only one litter was 
raised from each mating. 

Since the third generation full-sib mat- 
ings have been used almost exclusively. 
Selected parents were used to produce 
generation S-4, but no further selection 
has been practiced. The number of suc- 
cessful matings following transfer of the 
S-5 mice from the University of Sas- 
katchewan to the University of Kansas 
was reduced to three in the pHH line 
(two males) and six in the pHL line 


*D. S. Falconer and J. W. 
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(four males). The resulting progeny, 
which constituted the sixth generation, 
were perpetuated by a single pair mating 
in the high line and by three males and 
four females in the low line, Although 
these details are not pertinent to the se- 
lection experiment, they serve to empha- 
size that the present pHH and pHL 
lines of mice do not contain all of the 
sub-lines present at the time the selec- 
tion phase was completed. 

The control line of mice, designated T, 
is being perpetuated by a system of out- 
breeding designed to maintain maximum 
heterozygosity. Leucocyte count, blood- 
pH, resistance to mouse typhoid, and 
the proportions of segregating colors— 
black, black and tan, brown, leaden* and 
albino—have remained stable, indicating 
that the original gene pool has been suc- 
cessfully maintained in the T strain. 

The micro glass electrode method for 
determining blood-pH from heart blood 
of non-anesthetized mice has been previ- 
ously described. In practice the instru- 
ment has usually given reproducible 
readings for standard buffer solutions 
which agree within .01 pH unit of pub- 
lished values. Although age has no ap- 
parent effect on blood-pH, most mice 
were tested at an age of 50 or 60 days 
because mortality was appreciably high- 
er when younger mice were bled. Sam- 
ples of blood in which bubbles or clots 
appeared were not tested for pH, but 
all samples tested were recorded and 
all of the data are included in the study. 


Results of Selection for Blood-pH 


The whole effect of selection on the means 
was realized in one, or at most, two genera 
tions and selection was discontinued after three 
generations even though it would have been 
desirable to continue. 

Breeding performance in the two lines is 
shown in Table I. Only litters in which at 
least one mouse was weaned are included, 
since the investigator cannot always discrimi- 
nate between matings in which mice have heen 
born and eaten by the mother and matings 
which have been completely unproductive. The 
essential feature illustrated in Table I is that 
reduction in litter size, as a consequence of 
inbreeding, affected both lines of breeding to 


B. King, Institute of Animal Genetics, Edinburgh, have estab 


lished that “dilute” colored MacArthur mice possess the leaden gene, In. This has been in 


dependently confirmed by Weir 
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the same degree. Efforts to obtain a balanced 
selection experiment were evidently successful 
despite the complex mating system. Mean lit- 
ter size at weaning was 5.2 in the pHH strain 
and 5.4 in the pHL strain for generations 10 
and 11 combined. Recently the pHH mice 
have had a high frequency of unproductive 
matings and those which have reproduced have 
had larger litters than the average litter size 
for pHL mice. This type of performance rep 
resents a common experience for inbred mice 


and the reasons for it are obscure 


Results of selection for blood-pH are sum- 
marized in Table Il. Combining data from 
the three generations, mean blood-pH_ values 
ire 7.448 for the 677 females and 7.449 for 
the 691 males. Absence of any influence of 
sex on blood pH would appear applicable to 
mice in general, since previous pH tests on 
624 mice involving five inbred strains and 
crosses also failed to reveal a sex difference.* 

Under the conditions of the experiment, age 
at time of test also seemed to be unimportant 
lwenty-eight mice, retested after an interval 
of 21 days, showed no significant difference be 
tween tests in mean blood-pH (difference 
0.003 pH units) 

Differences between mean blood-pH values 
for high and low lines of 
from the data of Table IT, 

Generation | 046 
Generation 2 052 
Generation 3 O50 


selec tion, obtained 


were as follows 


differences, each significant beyond 


the 0.01 level of probability, show that prog 


These 


ress by selection was virtually confined to the 


first generation and suggest a relatively sim 
ple genetic basis for the differences 
selected lines 

This is further illustrated by the histograms 
of Figure 12, The pHH and pHL distribu 
although distinct from one another, to 
less than the entire range 
strain. The simplest inter 
pretation of these results would be that the 
original outbred group contained individuals 
with genotypes like the mice obtained through 
selection. The whole effect of selection seemed 
to he to “fix” types already present without 
production of distinct new recombinations 

Since blood-pH is measured on a metrical 
and is influenced by factors, 
a precise analysis of the mode of inheritance 
Nevertheless, even in 
certain ge 


between 


tions, 
gether encompass 


ot the outbred T 


scale non-geneti 


seems scarcely possible 
the absence of data from crosses 


TABLE II. Blood-pH of mice from cuthred (T) 


and from three generations (5-1, 
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data 
lat progress 


inferences can be made from 
From Table II seen t 
generation 1) was greater in the direction of 
lowered blood-pH than in the direction of 
high-pH. These results can be accounted for 
by the selection differentials, which are the 
differences between the initial 
(7.458 in this instance) and the 
of the animals selected to be parents of 
and low lines respectively. The actual differ 
entials were .073 pH units in the high 
tion and .124 pH units in the low. Selection 
differentials were .074 and .O81 in S-1 and 
060 and .050 in S-2 for pHH and pH] 
tions, respectively These differential which 
are of the differential 
for the initial pHH selection, were not a 
ciated with shifts in the n 
S-2 and S-3 


neti 
} 


it will be 


population 
mean means 


high 


selec 


sele 
same magnitude as the 
significant 
lo throw further light on the failure to 
make progress by selection after the first gen 
eration, the results I broken 
according to the mating 
system had no appreciable effect on the means 
Table IIT) Even if the largest pH dif 
ference (progeny of full-sibs minus progeny 
of unrelated parents in S-2 of the pHH line) 
be regarded as a “real” difference, the data 
selection differentials consid 


pHH 


have een down 


system. The mating 


(see 


are consistent, 
ered. Parental means 
full-sib 7.554, half-sib 7.545, unrelated 7.532 
pHL full-sib 7.320, half-sib 7.351, and 
lated. 7.340 

Apart from consideration of the means, two 
features of the data of Table III merit com 
ment—the reduction in variability from ge 
eration S-2 to generation S-3, and the sm 
variability in blood-pH among progeny 
related parents as contrasted to 
full-sibs. Although the reduction in 
ity trom generation to generation may 


were as follow 


unre 


progeny oT 
variabil 
1 

nave 
used in 


TABLE I 


Breeding performance of mice 
blood-pH selection experiment 


S-2, 5-3) of mice 
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Figure 12 
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been due, in part at least, to improvements in 
technique of measurement, the differences at 
tributable to the mating system are likely to 
have a genetic basis. A comparison of b 
tween-litter and within-litter variances should 
shed light on the effects of the mating system 
(Table IV). 

Litter mates usually were tested at one time 
so that litter differences are confounded with 
day of test. For this reason a significant be- 
tween-litter variance, by itself, would indicate 
little of biological significance. Nevertheless 
comparisons involving full-sib, half-sib, and 
unrelated groups are valid since all groups 
were treated alike. Results are tabulated in 
Table IV 

Findings for the pHH mice and pHL mice 
were not the same. In the high-pH line, sig 
nificant differences between litters occurred in 
the inbreds but not in the outbreds. In the 
pHL mice there was a significant difference 
between litters in the outbreds in S-2, but no 
difference in S-3. These results suggest that 
inbreeding led to production of subfamilies in 
the high line, but not in the low line. The 
high line results, because they suggest segre 
gation of alleles which influence stability of 
blood pH, will he considered in more detail 

It will be recalled that the nHH mice of S-1! 
were produced hy assortative mating with 
negligible inbreeding. The pHH mice chosen 
from S-1 to be parents of S-2 were drawn 
therefore, from a sinele (though not 
geneous) ponulation. They were selected on a 
basis of individual performance and the pro 


ductive matings consisted of: two males each 


1 
homo 


TABLE III. 


] 9g 


to a full-sister, a half-sister and an unrelated 
female; three males each to a full-sister and 
a half-sister; one male to a full-sister and an 
unrelated female; and four males each to two 
unrelated females. Clearly, under this mating 
system, comparisons between full-sib, half-sib 
ar unrelated progeny groups must be inter 
preted in terms of relative homozygosity. The 
findings suggest that, although the high blood- 
pH and low blood-pH lines might owe their 
pH difference to the effects of a few major 
loci, the hypothesis is not wholly adequate to 
account for results in the high line 

One possibility is that genes without specifi 
effects on blood-pH have a background effect 
By this interpretation the significant differ 
ences between litters in the inbred mice of 
the pHH line, as contrasted to no difference 
in the outbred mice, could be due to the back 

inheritance and not segregation of 
with direct effects on the stability of 
the buffer systems of the blood 

An observation which points strongly to an 
influence of homozygosity or heterozygosity 
per se on blood-pH is that progeny of related 
parents, in each case, were more variable than 
unrelated (Table IIT) 
These findings are similar to those of the 
earlier study® in which variability in F; was 
significantly less than in either of the inbred 


strains, S and Ba 


ground 


genes 


progeny of parents 


parent 


The Inheritance Pattern 

Clearly, the results which 
sented do not permit a decision as to the mode 
of inheritance of blood-pH. The simplest ge 


have heen pre 


Blood-pH comparisons of S-2 ard S-% proveny groups produced by full-sib, half-sib 


and unrelated parents 


pHH mating 


IV. Analysis 


Mating system 
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Full-sib 0122 

Half-sib 0054 

Unrelated 0044 
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Full-sib ; ( } H028 
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netic model would be one based on a single 
pair of alleles, without dominance. Under such 
a model, if there were segregation of the type 
AA: Aa: aa in the foundation stock, selection 
of extreme parents would be expected to iso- 
late AA and aa genotypes, even though there 
were a good deal of non-genetic variability, 
including error. But there are good reasons 
why a single factor hypothesis represents an 
over-simplification. (1) The selection was not 
stringent enough to ensure a high proportion 
of eligible matings (4A * AA and aa & aa) 
in the initial selection. (2) Results from 
crosses (unpublished data) have shown that 
the F; are not intermediate in blood-pH but 
actually have a pH which is significantly low- 
er than the low-pH parent. Thus, there is not 
lack of phenotypic dominance, but in the de- 
scriptive sense, “overdominance.” Blood-pH 
values were 7.430 for 32 pHH, 7.395 for 32 
pHL, and 7.361 for 36 F; mice. 

With two or more segregating factors, the 
probability of isolating like homozygotes for 
matings should be even less than with one 
factor. But since nothing definite is known 
concerning the scale of effects of gene action, 
there seems to be no way to arrive at a satis- 
factory estimate of gene number. What is 
needed is a repetition of the experiment with 
mass selection and minimal inbreeding. Mean 
while, the concomitant sex ratio effect has 
come under scrutiny,® and since it seems to 
represent a physiological manifestation of the 
blood-pH factor, it will be considered in its 
relation to selection. 


Nature of the Sex Ratio Factor 


At no time has there been conscious sele 
tion for sex ratio; the sex ratio factor arose 
as an immediate correlated response from se- 
lection for blood-pH and it was not until 10 
generations of mice had been raised that the 
significance of the sex ratio difference between 
pHH and pHL mice was appreciated. There 
are, however, ways in which selection has had 
an opportunity to modify the characteristic 
sex ratio of the two lines of breeding. Full 
sib matings have been used exclusively since 
the third generation, so that the all-male lit- 
ters in the high line and the all-female litters 
in the low line are automatically discarded. 
Furthermore, negative selection does not stop 
here, for in each generation it is the litters 
which approach equality of sexes that contrib 
ute the largest share of parents for the next 
generation. If genes which modify sex ratio 
in a way which is independent of the blood 
plH-sex-ratio-factor had been present in the 
foundation stock, the effect should have been 
to push the sex ratio of pHH and pHL mice 
back toward equality of sexes. This did not 
happen, There is no evidence that selection 
against males in the pHH line or against fe- 
males in the pHL line has had any effect on 
the sex ratio difference produced by the ini 
tial selection for blood-pH. There seems, 
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therefore, to be no compelling reason for sup- 
posing that the sex ratio factor which charac- 
terizes pHH and pHL lines of mice is neces- 
sarily similar to anything previously reported 
for mice. Also, Falconer’s? failure to obtain 
response to selection for sex ratio in an out- 
bred population of mice suggests that genetic 
variation of sex ratio may be lacking entirely 
in certain populations of mice, and that in the 
present instance the only genetic variation 
which produces detectable effects is that asso- 
ciated with blood-pH. 

Although the first selections were effective 
in separating the sex ratio variation into two 
lines, there is no reason why the subsequent 
inbreeding should have fixed the levels ob- 
tained, except insofar as the initial gains were 
genetic and permanent. It is suggested, there- 
fore, that the blood-pH sex ratio factor must 
be influenced by only a few genes, as would 
also seem to be the case for King’s4 sex ratio 
difference for rats. However, the physiological 
basis for sex ratio must have been different 
in her material, because sex ratio followed the 
female parent. In our material it is the male 
which determines the characteristic sex ratio 
of the litters.1° 


Discussion 

One feature of the selection experiment 
which requires comment is the seemingly nar 
row range of total variability for blood-pH 
values. The apparent lack of variability re- 
sults from use of the conventional procedure 
for recording pH. If it is remembered that a 
solution of pH 7.10 is three times more acid 
than a solution of 7.60, then the total range of 
variability will be seen to be actually quite 
large. 

Despite the reputed stability of blood-pH it 
was regarded as almost certain that genetic 
variability in the character would be available 
in any non-inbred foundation stock. The Mac- 
Arthur random bred stock seemed to provide 
especially favorable material. Selection com 
bined with inbreeding did build high blood-pH 
and low blood-pH strains of mice and so ac- 
complished the original purpose of the investi- 
gation, but the findings show that confidence 


TABLE V. Strain differences in blood-pH 


and sex ratio 


Number 
tested for Mean 
pH blood-pH 


(per 
$33 7.470 
7.455 


7.421 


pHH (selected ) 
I (control) 352 
pHL (selected ) 483 
*S (inbred) 200 7.427 1 
RI 116 7.434 S0¢ 1 
141 7,285 47.7 1.2 
96 7355 46.8 1 
1 


236 7.361 45.9 


*The five inbred strains are listed in order of resistance to 
mouse typhoid, They are maintained by Dr. John W. Gowen 


in the Genetics Laboratory at the Iowa State College. 
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in the outcome had been presumptuous. With 
in the foundation mice the major source of 
genetic variability may have been the action 
of but a few pairs of alleles 

It seems worthwhile to consider the reasons 
for expecting to find genetic variability in 
blood-pH and the reasons for conducting the 
experiment in the first place. At the Iowa 
State College six inbred strains of mice, each 
with fixed and predictable levels of resistance 
to mouse typhoid, have been the subject of 
more or less intensive study over a period of 
years. Investigation of the blood-pH picture 
in five of the strains® revealed that inbreeding 
(combined with selection for resistance to 
mouse typhoid in RI and S and selection for 
susceptibility in Ba) led to fixation of genes 
affecting blood-pH. There were, in fact, three 
distinct levels of blood-pH and, except for the 
Z strain which has given anomalous results in 
several investigations, evidence for a positive 
correlation between blood-pH and natural re 
was obtained. Also, in Ba & S 
recovery of parental values in an F, 
of 53 individuals indicated a relatively simple 
inheritance. The possibility that the same 
blood pH alleles could be isolated from a het 
erogeneous group of mice and their role in 
the resistance pattern established, seemed worth 
investigating 

Comparison of the means obtained in the 
experiment reported herein with those for the 
Iowa State College strains are shown in Table 
V. Since all mice were tested by an identical 
procedure the comparison should be without 
provided of course that environmental 
differences between laboratories did not af 
fect the mice. The mean for the pHL strain is 
comparable to that of the resistant (relatively 
high pH) strains among the 
evidently were not dealing with 
netic patterns in the two separate investiga 
tions. For this reason a positive correlation 
hetween blood pH and resistance in the pHH 
and pHL lines would have almost constituted 
proof that blood-pH bears a direct relation to 
resistance even though evidence from the earli 
er study had already made such a_ possibility 
unlikely. Discovery that selection for high 
hlood-pH actually led to a lowering of genetic 
resistance!!! makes the hypothesis rather tenu 
ous. In any case, the unexpected 
both high total leucocyte count!! 
ance to an endotoxin’ to increase resistance to 
the disease produced by live S. typhimurium 
organisms, indicates that the establishment of 
a simple character basis for natural resistance 


sistance 


Crosses, 


bias, 


inbreds, so we 
similar ge 


failure of 
and resist 


1s unlikely 

An une 
and sex ratio 
physiological connection®.19 has now come to 
occupy our attention ratios were 528 
percent males in pHH and 42.8 percent males 
in pHI in the first selected generation) Pos 
sibly the sex ratio factor, which was isolated 
first through its effect on blood-pH. is pe 
uliar to this group of mice On the other 


<pected relation between blood pH 
which probably does involve a 


(sex 
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opposite extreme, it might be 
that any influence which tends to alter blood 
pH will have a concomitant effect on sex 
ratio. Or, and this would likely, 
it might be that sex ratio is affected through 
influences which act on certain of the several 
buffer systems in the body A test of the 
postulate that the findings in the selection ex 
periment may be general rather than specific 
requires independent data with records of 
both blood pH and sex ratio 
Records for the five Lowa State 
bred strains, from which sex 
detrmined, were made available 
courtesy of Dr. J. W. Gowen. Results are 
shown in Table V. It will be seen that the 
“high pH” S and RI strains had sex ratios of 
51.3 percent males and 50.6 percent males, re 
spectively. The L and Ba with rela 
tively low blood pH values, had sex ratios of 
46.8 and 45.9. The four strains of mice were 
of completely independent origin and no com 
plementary effects on blood-pH were apparent 
in SX RI or L & Ba crosses; F, individuals 
like the parental strains.® 
These results are consistent with those for 
the blood-pH_ selected within each in 
vestigation biood-pH proves to be an index of 
sex ratio. It will be noted that in the experi 
ment directed toward altering 
blood-pH, differenges in blood-pH between 
strains were less and differences in sex ratio 
were larger, than for corresponding compari 
sons which include only the four inbred strains 
of mice. This supports the argument that the 
real nature of the relationship between blood 
pH and sex ratio probably 
rather than factors 
If the above deductions be accepted a 
it remains to account for the results obtained 
in the Z inbred strain in which a blood-pH 
value lower than that for L or Ba is not asso 
ciated with a lower sex ratio 
results for the Z strain, which include 
er variability in blood-pH in F, than in Fy in 
S ¥ Zand Ba Z crosses® cannot be recon 
ciled with the rest of the data and no hypothe 
sis can be advanced at this time. If one 
to claim that all influences 
ratio act through pH effects (a most 
situation), the results for the Z strain 
invalidate the hypothesis 
Although this 
with blood-pH it 
the Iowa State 
Fable \ in order of 
typhoid. It will be 
1s complete agreement between resistance rank 
and sex ratio. It 
this relationship hold 


of mice 


hand, and at the 


seem more 


College in 
ratios could he 
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periment reported above, so the relation be- 
tween blood-pH and sex ratio suggests a se- 
lection experiment directed toward altering 
sex ratio. We have not performed such an 
experiment but Falconer? has done so and ob- 
tained completely and convincingly negative 
results. 
in the present investigation a special genetic 
situation is involved, one in which a blood-pH 
factor with concomitant effect on sex ratio 
has been isolated. 


Summary 


Results of selection for blood-pH in mice 
have been presented. After one generation of 
selection, means were 7.466 for pHH and 
7.420 for pHL contrasted to 7.458 for the out- 
bred T strain. Two additional generations of 
selection produced no appreciable changes in 
the means, and the range of the foundation 
population was not transcended. Neither age 
nor sex had any significant effect on blood-pH. 
Five inbred strains previously investigated had 
blood-pH means as follows: S—7.427, RI 
7434, Z—7.285, L—7.355, Ba—7.361. The re- 
lation between blood-pH and sex ratio found 
in the selected lines (high pH—male excess, 
low pH-—female excess) applies in a general 
way to four of the five inbred strains. Sex 
ratios expressed as percent males were: S 
51.3, RI—-50.6, Z—47.7, L—46.8, Ba—45.9. It 
may be that any influence which is reflected 
by a change in blood-pH will tend to alter the 
sex ratio. However, in the present investiga- 
tion the effect of selection was to isolate a 
particular blood-pH factor with concomitant 
sex ratio effect. 
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MICROSCOPIC OBSERVATIONS OF 
PARTHENOGENETIC EMBRYONIC TISSUES 


From Virgin Turkey Eggs 


T. S. Yao AND MAarRLow 


EMBRYONIC DIVIDING CELLS 
Figure 13 

Chromosomes of the parthenogenetic turkey 
embryonic dividing cells (> 1500): A—late 
prophase, 2n 82; B—early metaphase, 2n 
77; C—metaphase, 2n 82; /)—metaphase, 
2n 69. 

ECENT tests conducted at the 
Agricultural Research Center, 
Seltsville, Maryland, have shown 

that infertile eggs laid by virgin female 
turkeys upon being incubated may un- 
dergo embryonic development.2;*4 In 
95 percent of the instances where par- 
thenogenetic development was encoun 
tered, the growth consisted solely of 
extra-embryonic membranes. In the re- 
maining five percent development was 
more advanced ranging from the pres 
ence of blood and blood vessels only in 
some eggs to the presence of well formed 
embryos in others. 

This report deals with microscopic 
observations .of parthenogenetic tissues 
obtained during the course of the previ 
ously mentioned experiments. The eggs 
were incubated at a temperature of 100 
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CHROMOSOMES OF VIRGIN TURKEY 
EGGS 
Figure 14 


Mic rophotographs of chromosomes ( 850) 
corresponding to Figure 13 A-D. (Retouched 
by Mr. Elmo White) 


degrees Fahrenheit for seven to 11 days 
before the eggs broken and the 


tissues removed, 


were 
The tissues were fixed 
(glacial acetic 


with Carnoy’s fixative 
ratio of 


acid and absolute alcohol in a 
1:3) for 24 hours. The squash method 
with aceto-carmine was used in making 


the slides. 


Methods and Results 


Ths majority of the tissues examined con 
membranes, no 
embryo having small 
ridges were found occasionally on the surface 
Slides made from ma 
terial taken from these small ridges showed 
many embryonic cells These cells varied 
greatly in size and could be classified into 
large, medium, and small, 
four] in animal embry 


embryonic 
One or 


sisted solely ot 


formed, more 


of these membranes 


three categories, 
resembling the cells 
onic tissue at the blastula stage. 
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In the nuclei of these cells there were one, 
two, and at times three nucleoli—those with 
three nucleoli being the most prevalent. Many 
dividing cells were found and the chromosomes 
counted in a number of these cells that were at 
the prophase or metaphase stage. In most of 
the dividing cells more than 60 chromosomes 
could be counted. Although many chromo 
somes were small and difficult to count accu- 
rately, yet in most preparations even the small 
ones were discernible. Camera lucida draw- 
ings were made of four cells using a magnifi- 
cation of 1500, shown in Figure 13. Figure 
134 was made of a cell at late prophase, Fig- 
ure 13/8 at early metaphase, and Figure 13C 
and J) at the metaphase stage. The corre- 
sponding photographs for Figure 13 4 to D 
are shown in Figure 14. The numbers of chro 
mosomes counted were 82, 77, 82 and 69 re 
spectively. The numbers are of the same order 
as those reported by previous workers for 
chromosomes of normal turkeys. Werner® 
found the diploid number of chromosomes in 
the somatic cell of the turkey to be 76 (2) 
and 77 (9), while Yamashina! reported find- 
ing 82 (2) and 81 (9). 

The results obtained during this preliminary 
study would indicate that the membranes 
which formed during the seven to 11 day in 
cubation period in the eggs of virgin turkeys 
consisted for the most part of normal embry 
onic cells. The cells’ were diploid and were 
able to reproduce themselves by general mi 
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totic cell division. The small ridges found in 
some of the membranes were made up of 
cells varying greatly in size. These cells were 
probably the result of differentiation on the 
part of certain cells in the morphogenesis of 
the turkey embryo. No multi-nucleated or poly- 
ploid cells were found in these embryonic tis- 
sues. The embryonic tissue developed in each 
virgin turkey egg, therefore, can be assumed 
to have started from a single egg cell which 
at an early stage doubled the chromosome 
number and then resumed the regular mitotic 
cell division and proceeded to form normal 
embryonic tissue. 
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EFFECTS OF INFRARED AND 
X-RADIATION ON A MOUSE CANCER 
Combined Effects on a Rapidly Growing Mammary Carcinoma 


ALVIN V. BEATTY ANB GORDON M. CLARK* 


T has been reported by Hollaen 
der,*:>:? Kaufmann and Gay,’ Swan- 
son,’ Giles and Beatty (as reported 

by Hollaender*) and Yost® that under 
certain experimental conditions, infra- 
red radiation will increase the effective- 
ness of X-radiation, as measured by 
chromosome damage. In this laboratory 
it has been observed in the mucrospores 
of Tradescantia paludosa that under 
similar experimental conditions, infra- 
red alone has a lethal effect on some 
cells in division. 

This investigation was undertaken to 
determine the effect of combined infra- 
and X-radiation on fast-growing 
animal tissue. Continuous and fraction 
ated doses of both infrared and X-radia 
tion were studied individually in order 
to ascertain the best procedure to be 
used in the combination studies 


red 


Material and Methods 


A rapidly-growing, transplantable, 
191 trans- 
fer 3241, of the mouse, obtained from 


mammary adenocarcinoma, F 


C. G. Grand of the Dade County Can- 
cer Institute at Miami, Florida, was used 
as the material for study. Week-old 
transplants were excised and cut into 
These were transferred 


pieces. 
means of a_ glass 


small 
subcutaneously by 
pipette through an inguinal incision on 
the left leg into the left axillary region. 
The transplants were allowed to grow 
10 days in the new host before being 
used in an experiment, in which time 
they were on the average 2 & 1 cm 
The CFW strain of mice, virgin fe- 
males 18-25 grams, obtained from Rock- 
land Farms, New City, New York, were 
used as hosts for the transplants. 

The infrared radiation was obtained 
from 250 watt G.E. infrated industrial 
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University, 
1345 with the United State 


reflectors placed 17 inches from the 
caged animals, and having a continuous, 
flowing water filter, one inch in thick 
ness, nine inches from the top ol the 
infrared bulb, a five-inch lens 11 inches 
from the bulb and a l-cm. filter of a 
solution of iodine-saturated carbontetra 
chloride 13 inches from the bulb. This 
apparatus eliminated most of the radia 
tion above 14,000A. Total body expo 
sure to infrared was for 36, 60, 72, 84 
and 108 hours, given in both continuous 
and fractionated radiation periods. 
The X-radiation was obtained from a 
G.I. model OX-250 industrial unit with 
a S.Ry i medical type tube, operating 
at ISMA and 250KV, having an in- 
herent filtration of 3mm of aluminum 
Two additional millimeters of aluminum 
were added. All radiations were admin 
istered at 75r per minute. Point or spot 
X-radiation was employed on the tumor, 
the remainder of the animal being pro 
tected by a three-eighth inch piece of 
Both continuous and fractionated 
1050r, 1575r, 2100r 
The fractionated 


lead 
total doses of 525r, 
and 2625r were used 
doses were 
tal, initial 375r, followed by 
of 37.5r one day apart; 1050r total, ini 
tial-750r, followed by four doses of 75r; 
1575r total, initial-1125r, followed by 
four doses of 112.5r; 2100r total, initial 
1500r, followed by 150r 
and 2625r total, initial-1875r, followed 
by four doses of 187 Sr. 


525r to 


| 


doses 


given as follows: 
four 


four doses of 


Observations and Discussion 


Soth continuous and fractionated exposures 
to infrared were given to determine within 
limits its effect on the mouse and on the 
transplant. The initial dose in the fraction 
ated series was for 24 hours, the 
exposure time being divided into 
periods. One hundred and mice 
transplants were prepared for this study 


remaining 
12-hour 
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animals were used for controls and 10 for 
each exposure, except for 72-hour continuous 
irradiation, when only five animals were used. 
Table I shows the type of exposures and the 
fate of the transplants after two months. 

In all the controls the transplant grew 
steadily until the death of the animal, which 
usually occurred around the fourth week, At 
the time of death the growth of tissue was one 
fourth to one-third the size of the animal. In 
all cases of infrared exposures, the irradiated 
transplant grew as fast as the controls and 
in many cases, particularly at low total doses, 
faster during the first two weeks. After three 
weeks the irradiated transplants became sepa- 
rable into two categories: those in which 
growth continued and those in which growth 
stopped and regression was evident. The for- 
mer died about the same time as the controls, 
although in general the death of these experi- 
mental animals tended to be more grouped. In 
the latter category, regression was rapid. In 
about two additional weeks a gross examina- 
tion revealed no carcinoma. Histological ob- 
servations were not made. Usually the ani- 
mals were sacrificed eight weeks after the be- 
ginning of radiation, although some were -al- 
lowed to live several months with no reappear- 
ance of the tumor, as judged by gross appear 
ance 

Since infrared radiation caused regression of 
the transplant and since low doses of 36, 60, 
and to some extent 72 hours had an early 
stimulatory effect on the transplant, the prob- 
lem of infrared radiation is being studied more 
in detail. 

Following a suggestion on total body X- 
irradiation in mice from the papers of Bonet- 
Maury and Patti! and Ellinger,? total body 
X-radiation of 525r was given to mice with 
growing transplants. The effect on the entire 
animal was so drastic as to preclude any con- 
clusions concerning the effect on the trans- 
plant alone. Point or spot X-irradiation was 
started at this dose. Ellinger® reported that 
fractionated doses of X-radiation were less 
harmful to the mouse than massive doses, while 
Melnick and Bachem® have reported that in 
three rat tumors fractional treatments and 
saturation treatments were more effective in 
destroying the tumors and less injurious to 
the host than massive doses. Both massive and 
fractionated total doses of 525r, 1050r, 1575r, 


TABLE I. Number of regressions of transplants 
from exposure to infrared radiation 

Total Regressions Regressions 
No. of 
Animals 


Total 
Fxposure 
in hrs 


Total 
No, of 
Animals 


Continuous Fractionated 


Exposure 


Fxposure 


6 10 ; 10 ? 
Av 10 ? 10 , 
72 s 2 10 ; 
a4 10 ; 10 4 
108 10 4 10 5 
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2100r and 2625r were used in this study. The 
dose, its administration and the effect upon 
the transplant is given in Table II. 

Since the objective in this series of experi- 
ments was to find the most suitable dose to 
be used for fractionation, only a small num- 
ber of transplants were used for the massive 
dose. It is noteworthy, however, that no re 
gressions were obtained in these transplants. 

Fractionated doses totaling 2625r caused all 
transplants thus treated to regress. In a 
descending scale of effectiveness, 2100r, 1575r, 
1050r and 525r caused a smaller percentage 
of regression. (Table Il) No spontaneous re 
gression has been observed in the experiments 
reported here. 

In the first combination X-radiation and 
infrared radiation experiment, a 92-hour ex 
posure to infrared was used with 2100r X- 
radiation. Long exposures of fractionated in- 
frared had proved more effective, and the 
2100r dose was the maximum fractionated X 
radiation dose which did not in itself cause 
regression of all transplants treated. From the 
seven animals used for this combined X-radia- 
tion-infrared treatment, six of the transplants 
showed regression. Some of these animals 
with regressions were allowed to live up to 
four months without any reappearance of the 
carcinoma as judged by gross appearance 
(Table III). 

In the second experiment 72 hours of frac 
tionated infrared was used because this period 
of exposure to some extent caused an easily 
observable, immediate, stimulatory effect and 
was in the range where greater damage was 
caused by infrared alone. Fractionated doses 
of 1050r of X-radiation were used so that any 
positive results could be more easily observed 
on a numerical basis. Six animals were used, 
five of which showed regression of the trans 
plants (Table IIT). 

In the last experiment a high total dose of 
infrared was used in combination with 1050r 
of X-radiation. This experiment utilized the 
most effective fractionated infrared treatment, 
used a fractionated dose of X-radiation in 
which positive results could be demonstrated 
clearly, and allowed for fractionation of both 
types of radiation. From the 19 animals with 
transplants receiving this treatment, 15 showed 
regression of the transplant. Percentage wise, 
this is 79 percent in contrast to the 50 nercent 
with this dose of fractionated infrared alone 


TABLE II. 


Number of regressions of transplanis 
from exposures to X-radiation 


Regressions I Regressions 


tal 
No. of Fractionated 
Animals Dose 


Total 
Dose No. of 
Total Animals Dose 


Massive 


$25r 2 11 2 
1080r 18 6 
1$75¢r 1 » 
2100r 19 1s 
26251 9 9 





IRRADIATED AND UNTREATED MICE 


Figure 15 
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The animal on the left is a control animal bearing a tumor 4.0 
the right, originally having a tumor 2.0 * 1.5 cm, after treatment show 
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and 33 percent with 1050r of fractionated X 
radiation alone (Table III). 

Since 2625r of X-radiation alone brought 
about regression in 100 percent of the trans- 
plants thus treated, it could be considered to 
be the primary type of radiation. The use of 
the second type of radiation increased the ef- 
fectiveness of the primary type of radiation, 
so that 1050r of X-rays plus filtered infrared 
gave as high a percentage of regression as 
twice the dose of X-rays alone 


Summary 


Total body exposures of filtered infrared 
of 36, 60, 72, 84 and 108 hours of either con- 
tinuous or fractionated treatment can cause 
regression in the transplantable mouse mam- 
mary carcinoma used in these experiments. 
Fractionated exposures were more effective 
than continuous. Low total doses of infrared 
had an observable, stimulatory effect on the 
transplants. 

Regression of the adenocarcinoma used in 
these experiments was brought about in all 
cases with fractionated point X-radiation of 
2625r and in a smaller percent of cases with 


transplants 


TABLE III. Number of regressions of 
infrared 


from combination exposures to fractionated 
and X-radiation 


No. of 
Regressions 


Infrare No. of 
liatior Radiation Animals 
12 hr 
19hr 
20 hr 
24 hr 
17 hr 


1S00r 
1sOr 
1$0r 
1S 
1$0¢r 
100r 92} 
760 24 hr 

7$¢r 12 hr 

7$r 12 he 

7S¢r 12 he 

75r 12 hr. 
1060 72} 
750 

7Sr 

7S 


7$¢r 
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2100r, 1575r, 1050r and 525r. 

When fractionated X-radiation, below tne 
lethal dose for this transplant, was used in 
combination with infrared fractionated radia- 
tion, the percentage of regression was much 
higher than the percentage of regression ob- 
tained by exposures to either type radiation 
alone. 

The effectiveness of fractionated X-radia- 
tion, the primary source of radiation in this 
work, was increased by combination with 
fractionated infrared to the extent that 1050r 
of X-rays plus filtered infrared gave as high 
a percentage of regression as twice the dose 
of X-radiation alone. 
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STUDIES ON COMPETITION IN PLANTS 


IV. Competitive Ability of F, Hybrids in Barley 


KAN-IcHI SAKAI AND Kanji Gotou* 


N spite of the widely accepted opin- 

ion that competition between related 

or unrelated organisms has played an 
important role in the evolution of living 
things, no study seems to have been car- 
ried out on the inheritance of competi- 
tive ability in plants or animals. Using 
a few cultivated varieties of barley, the 
present writers have undertaken a g 
netic analysis of competitive ability in 
plants. In the process of these investi- 
gations, the competitive ability of 


Fy 
hybrids, strikingly 


showing vigorous 
growth due to heterosis, were examined 
with the interesting result that competi- 
tive ability is independent of vigor. The 
resent contribution deals with the ex 
eriments which led to this conclusion. 


I 
| 


Material and Method 


Five inbred varieties and the 10 F, 
hybrids were tested for their competi 
tive ability with the aid of two tester 
varieties. The five parental varieties 
tested were: Aizu No. 7 (AZ), Suifu 
(SF), Chibakawa No. 3 (CK), Mit- 
suki-hadaka No. 1 (MH) and Keichoku 
2 (KC), and the two tester varie- 

Shinsakigake (S) and Aka-shin- 
riki (A), 

The competitive ability 
rieties as well as the Fy generations was 
measured by determining the increments 
or decrements regarding five plant char- 
acters in mixed plantings with each of 
the two testers, and by comparing them 
statistically with the condition the 
same characters in pure stands, Plant 
ing was made individually in 50 
cms apart with 12 cms between hills. Ex- 
periments were conducted by the split 
plot design with four replications. Twen- 
ty plants from pure stands and 10 from 
mixtures were examined on an individ- 
ual plant basis for heading date, length 
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of culm, dry plant weight, number of 
culms and weight of heads. 


Experimental Results 
Heterosis in the F, Generations 


An investigation was carried out of 
the marked hybrid vigor shown by th 
F, generations in comparison with the 
parental inbred varieties before examin 
ing the competitive ability. Table I pre 
sents the result of measurements taken 
from pure-stand plots of Fy and parental 
vareties 

It is apparent from Table I and esp 
cially from Figure 16 that the Fy hy 
brids were in general superior in most 
of the characters to the parental varie 
ties 

The heading date of the Fy hybrids 
all combinations but one was from one 
to six days earlier than the correspond 


ing average of parents while F, (3,5) 
was 3.5 days later. The general pre 
dominance of iy hybrids over the paren 
tal means is illustrated in Figure 16, The 
only exception was the weight of heads 
I, 


th 


in the (4,5)-combination where the 
hybrids exhibited a lower value than 
parental average. 

In 27 out of 40 observations (i.e. four 
characters in 10 combinations ), the I 
hybrids were superior to either of the 
parents and in 12 cases they were su 
perior tl 


ii¢ 
the remaining case was the exceptional 


/ 
( 


) parental average valu 
one mentioned above 

It is concluded accordingly that the 
iy hybrids in all 10 possible combina 
tions of five barley varieties dealt 
in this experiment exhibited general 
tendency to. heterotic 
the rate of growth. In other 
growth of the F; hybrids ] 
erally greater than that of the pare 
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Comparison of Competitive Ability between 
F, Hybrids and their Parents 

As has been described in the forego- 
ing section, five inbred varieties of bar- 
ley and their 10 F, hybrids were tested 
regarding their competitive ability by 
means of mixed planting with each of 
two tester varieties, S and A. Among 
five characters measured, the heading 
date and the length of culm showed no 
apparent difference between pure stand 
and mixed planting. The results regard- 
ing the three other characters, i.e. dry 
plant weight, number of culms and 
weight of heads, are shown in Table II. 

The parental varieties as well as their 
F, hybrids were either severely or slight- 
ly affected in the expression of the char- 
acters under consideration, resulting in 
varying increases or decreases. These 
quantitative changes are shown in Ta- 
ble IIT. 

The (+) increments in the table in- 
dicate superiority of the varieties or hy- 
brids in competitive ability to the two 
testers and the (—) increments indicate 
inferiority. 

Interesting facts apparent from this 
table are as follows: 

First, the F; hybrids on the average 
had a lower competitive ability than their 
parents, Secondly, while-all of the pa- 


TABLE I. Heading date, dry plant weight, length 

of the longest culm, number of culms and weight of 

heads per plant in parents and F, hybrids. Averages 
of four measurements in pure stands 


Dry Length Num- Weight 
plant of ber of 

Varieties or their F, Heading weight culm of heads 
hybrids date (g) (em) culms (g) 


35.9 


Apr 88.1 126 
77 31.4 


Apr 6 77 
Apr S ca 
Apr itt 
Apr 131 
Apr 116 
Mar, 31 140 
Mar, 31 119 
Mar 149 
Apr. 2 109 
Mar, 2 105 
Apr. 1 135 

3 
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> Apr. 148 
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= 
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cK 
MH 
Average of five 
parents (MP) 
Average of ten Py 
hybrids (F,) Apr. 1 97 130 2 
F,/MP & 100 (%) —ft 1360116 128 


*P, (i,j) stands for P, hybrid between Pi and Pj, irre 
spective of the direction of the cross 
TF, was two days earlier than MP 
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rental varieties were superior in com- 
petitive ability to the two testers, out of 
10 cases the F, hybrids were inferior in 
two regarding plant weight, in one re- 
garding number of culms and in four 
regarding weight of heads. Thirdly, the 
F, hybrids surpassed the parental va- 
rieties in competitive ability in relative- 
ly few cases: Out of 10, two were su- 
perior in plant weight, three in number 
of culms and two in weight of heads, the 
increments in percent amounting to over 
100. 

A graphic illustration of increments 
or decrements in four characters due to 
competition with the two testers is given 
in Figures 17, 18 and 19. 


Discussion 


From the description given above, it is ap 
parent that the competitive ability of the | 
hybrids is on the average inferior to that of 
their parents in spite of their vigorous growth 
due to heterosis. The relation in various cross 
combinations between competitive ability and 
heterotic vigor seems worth considering in 
some detail. 

Taking into consideration plant weight, 
number of culms and weight of heads en 
masse, F, hybrids having higher competitive 
ability than either of their parents were only 
two out of a total of 10, namely F; (1,2) and 
F; (2,4). Two or three of the remaining eight 
F,’s, namely, F; (1,3) and F,; (1,4) together 
with F, (3,4), have been equipped with ex 
tremely weak competitive abilities. The other 
five strains were more or less intermediate 
between these two extremes: F; (2,5) and F 
(3,5) had a comparatively high ability, in 
F, (2,3) it was intermediate and in F, (1,5) 
and F, (4,5) rather low. 

Now let us turn our attention to the hybrid 
vigor of the F, hybrids. It is apparent from 
Figure 16 that the most vigorous growth is 
found in F, (1,3), followed by (1,4). The 
F,’s (1,2) and (2,4) showed rather moderat 


TABLE II. Analysis of variance of plant weight, 

number of culms and weight of heads per plant in 10 

F, hybrids and five parental varieties in pure stands 
and in mixtures with two tester varieties 


Mean squares 
Weight 
of heads 


Number of 
culms 


Plant 

Source weight 
69.91 

190.56t 
33.14 

262.41F 


14.44 
1293.96% 
61.44 


212.07* 


184.26 
4208,.43* 
1711.60 
2058.28T 


Replication 

Strain 

Error (a) 

Competition 

Competition * 
strain 

Error (b) 


160.667 
$0.32 


685.79% 20.26 
197.47 25.25 


*Exceeds the $ percent point 
tExceeds the 1 percent point 
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HETEROSIS IN F, HYBRIDS 


Figure 16 


The white bars show the deviations of the two parents above 


and below their average 


value. The black bars show the deviations of the F, hybrids from the parental mean, a dry 


plant weight (g), b length of culm (cm), ¢ 


degrees of heterosis, It is therefore concluded 
that the most vigorous F,; hybrids were the 
weakest in their competitive ability and those 
with rather moderate heterotic vigor equipped 
with the highest competitive abilities, 

In a general way, we would probably sup- 
pose that the vigorous plants could compete 
well against the non-vigorous ones at least in 
the case of related but different genotypes. In 
fact, we are able to find a few investigations 
which might lead to such a conclusion. 

For instance, Christian and Gray,! using 
two wheat varieties, have found that plants 
grown from seeds of large vs. small size, or 
plants of a late vs. early variety differed in 
competitive ability each in favor of the former 

They assume that the competitive advantage 
of wheat plants they have studied might be due 
either to a better growth in the early stages 
of development or to a supposedly greater root 
development of plants with a larger tiller 
number. 

Yamada and Horiuchi*.4 have carried out 
competition experiments in barley and soybean 
and reached a similar conclusion. They con 


number of culms, d weight of heads (g) 


t plant height in seedlings and in 
; of growth as well as erect against 
abit favor competition 
vestigations may all indicate that 
wre vigorous plants are at an ad 
ainst shorter or less vigorous plants 
in couipe!ition for sunlight or other surround 
ing elements necessary for growth 

It has, however, been shown in the present 
experiments that competition is quite inde 
pendent of plant vigor, including plant height 
as well as number of culms. In this respect 
some of our unpublished data on inter-varietal 
variation of competitive ability in barley de 
serve to be mentioned. Twelve varieties ex 
amined differed highly among themselves with 
regard to competitive ability, but neither seed 
size, nor maturity, nor erectness, nor plant 
height was found to be connected with a high 
er competitive ability 

Furthermore, it is very interesting in this 
connection to remember that Warne? has car 
ried out an experimental study of the growth 
of closely spaced garden beet plants and con 
cluded that the major effects of close spacing 
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PLANT WEICHT 
Figure 17 

Graph showing competitive abilities of par- 
ents and the F,; hybrid in terms of increment 
or decrement in plant weight (in grams) in 
mixed plantings with two testers. The vertical 
bars show the differences between the varie- 
ties or hybrids and the tester strains. Each 
black bar represents the F, hybrid of the two 
parents represented by white bars on either 
side of it. 
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NUMBER OF CULMS 
Figure 18 
Graph comparing competitive abilities of 
parents and the F; hybrid in terms of incre- 
ment or decrements in number of culms in the 
mixed plantings with two testers. White bars: 
Increment in parents, P; and J;. Black bars: 
Increment or decrement in the Fi (;,;) hybrid. 
or decrement 


TABLE III. 


Average increment (+) 


(—) 


WEIGHT OF HEADS 
Figure 19 

Graph comparing competitive abilities of 
parents and the F; hybrid in terms of incre 
ments or decrements in weight of heads per 
plant (in grams) in the mixed plantings with 
two testers. White bars: Increment in par- 
ents, P; and J;. Black bars: Increment or 

decrement in the F; (4,5) hybrid. 


upon the growth of plants cannot be explained 
solely in terms of competition for water, light 
or the major nutrient elements. 

Though we are not able to conclude at the 
present time what it is that causes competition 
between plants, we would prefer to accept 
competitive ability as it now stands, ie, a 
genetic character, simple or aggregate, and to 
reject the premature conclusion that preva 
lence in growth favors competition in plants. 


Summary 
varieties of barley and 10 F;, 
hybrids were compared with the aid of two 
tester varieties as to their heading date, dry 
plant weight, length and number of culms and 
weight of heads per plant as well as their 
competitive abilities. 

It was found that the F, hybrids in most 
cases showed heterotic vigor in the five char 


Five inbred 


in plant weight, number of culms and weight of 


heads per plant in mixed plantings with two testers, in comparison with those in pure stands, in five varieties 
and 10 F, hybrids of barley 


Plant weight 


in grams « 


» AZ 15.6 
P, SP + 9.5 
Py, CK +19.3 
P, MH +13.9 
P KC 29.3 
Average of five 

parents : MP +17,52 
{4 AZ & SF 19.9 
AZ & CK 34.8 
AZ * MH 28.2 
AZ & KC 17,4 
SF X CK 3.9 
SF X MH 19.5 
SF x KC +155 
CK X MH + 5.0 
F, (3, cK &* KC 21.9 
PF, (4,5) Mu & KC + 3.4 
Average of ten 

F, strains 4+. 4.35 


in percentage 


! 
1, 
1 
1 
2 


Sewn ew 


Pn, fl, si, fl sm 


Tt tt sss 


(3, 
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"Increment or decrement in F, hybrids as a percentage of the 
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Increment or decrement in 


Number of culms Weight of heads 


in number in percentage* in grams 
3.4 +-10.9 
1 + 7.0 
8 an 62 
) 


in perce 


1. 7.6 
+13.6 


4.50 
11.4 
16.6 
14.2 
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acters, while with respect to competitive abil 
ity they were in general inferior to the aver- 
age values of their parents. The F; hybrids 
with marked vigorous growth were even found 
to be very weak in competitive ability. It is 
concluded, therefore, that competitive ability 
should be accepted as a plant character quite 
independent from hybrid vigor. 
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CHROMOSOMES OF CALIFORNIA MOSSES 


“T HE corpus of literature on mosses is taxo 

nomic, Students of few, and 
of these some are specialists on the systematics 
of certain groups or for certain geographic 
areas. The literature is, therefore, largely 
esoteric and, accordingly, accepted on faith by 
the uninitiated. Now, however, a number of 
workers are actively investigating the chro 
of the Musci; evaluation of such 
course, not restricted to the 


mosses are 


mosomes 
studies is, of 
muscologists 

It has been estimated that during the 
chromosome counts have 


past 


twenty years been 


reported for something less than 200 of the. 


20,000 described species ot mosses \ recent 
publication by Steere, Anderson, and Bryan* 
places on record chromosome numbers for 55 
species of mosses that occur in California, and 
of these 39 had not been investigated previ 
ously 

A grant from the National Science Founda- 
tion “not only made the present investigation 
possible, but will enable it to be continued,” 
the authors state. Both Professor Steere of 
Stanford University and Professor Anderson 
of Duke University have established reputa 
tions in the field of bryology: Mrs. Bryan, a 
graduate student of Anderson's, has studied 
with Professor Robert J. Lowry at the Uni 
versity of Michigan, where he has carried out 
investigations of moss chromosomes 
then, in this 75-page memoir of the 

Sotanical Club, available at a cost of 
one would expect to find a significant 
contribution to cytology and to the under 
standing of the chromosomes of mosses in 
particular. I, at least, have been disappointed 

The chromosomes of bryophytes are claimed 


sound 
Here, 
lorrey 
$2 00 


*Chromosome Studies on California 


S. Bryan. Mem. Torrey Bot. Clu 20 (no. 4 


Vosses 


by the authors to be difficult to handle, but 
they consider that the technique used by them 
fixation of spore mother cells in Carnoy’s 
followed by smearing in aceto-orcein — has 
opened “to investigation a group of plants 
that have remained too long neglected.” Small 
credit to earlier workers who had used essen 
tially the same technique for mosses! The 
authors often found it difficult to determin 
the chromosome number for a given 
phyte, though, strangely, in no instance did 
they resort to the n-chromosome material of 
gametophytes to verify observations on mei 
otic chromosomes. Rather, the three worker 
would continue to observe sporocyte prepara 
tions “until the differences in opinion could be 
reconciled.” After all, 50,000 Frenchmen can 
be wrong! But for some collections unanimity 
could not he reached, so no reports were re 
corded Accurate counting was made diffi 
cult in 16 by the presence of mi 
nute chromosomes such as those discovered 
A. Vaarama and designated by hin 
they are 


sporo 


pecies 


mosses by 
as accessory chromosomes; 
to interpret and are readily overlooke 

The publication under review cont 
chromosomes, from draw 
Steere. Individual chro 
shown as daubs of 
without charac 


figures of meiotic 
ings made mostly by 
mosomes and bivalents are 
black, mere blobs and usually 
ter. From the drawings one can tell nothing 
about constrictions, chiasmata, confiurations 
Yet the claim is that on occasion anaphase | 
“chromosomes clearly show a quadriyalent na 
ture, either as the result of long established 
polyploidy or in preparation for the first 

spore.” <A puzzling 


page 148) 


matic division of the 
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POSTAXIAL POLYDACTYLY IN THE 
| MOUSE 


ELIzABETH M. CENTER* 


MUTATION found among the 

progeny of mice treated with 

nitrogen mustard emphasizes 
some of the problems encountered in 
attempting to test possible weak muta- 
genic agents in mammals. One of these 
is the question as to whether a particu- 
lar mutation was actually induced or 
merely represents a spontaneous ge- 
netic change that happened to coincide 
with some treatment. But whatever the 
cause of a mutation, the problem of its 
genetic behavior still remains. 

Evidence that nitrogen mustard is 
capable of producing cytological effects 
in the mouse has been presented by Fal- 
coner, Slizynski, and Auerbach.* These 
workers found one mouse heterozygous 
for a visible mutation, two completely 
sterile males, two semi-sterile males, and 
three suspected semi-steriles in the pro- 
geny of 12 treated males. Two inde- 
pendent translocations were found in 
the genetic and cytological study of one 
of the semi-sterile males. The present 
study does not involve a further investi- 
gation of the cytology of the descendents 
of nitrogen mustard treated animals, 
but is concerned with a visible mutation 
discovered in a stock with treated an- 
cestry, 

The mutation to be described here is 
characterized by the appearance of an 
extra appendage on the ulnar side of 
both front feet or of either the right or 
left one only (Figure 204). A longi- 
tudinal section through the juvenile 
appendage (Figure 20B) reveals a prox- 
imal cartilagenous phalanx showing os- 
sification in its basal portion and an 
additional region of ossification in carti- 
lage presumably representing the un- 


guinal phalanx. Blood vessels, nerves, 
and tendons can also be recognized. 
What may have been the same mutation 
has occurred at least twice before*® in 
mice believed to be in no way related to 
the present stock. Apparently represent- 
ing one or more abortive phalanges, the 
structure may grow until maturity with 
the development of an aberrant nail or 
it may tend to regress and become in- 
significant. Its genetics and embryology 
are of interest because they parallel in 
some respects a number of other mor- 
phological traits that have been studied 
in the mouse, while in other respects 
their behavior is somewhat unusual. 


Genetics 


The trait has not been found associ- 
ated with any other phenotypic change, 
in which respect it may be different from 
the characteristic noted by Strong whose 
animals also showed absence of the xiph- 
oid process. Whether the association 
noted in Strong’s mice was genetic or 
only incidental is not apparent from the 
brief note in which the trait was de- 
scribed. 

All animals showing the trait, for 
which is proposed the genetic symbol tu 
(toe or ulnar side of the forelimb), have 
descended from a_ single pair whose 
mother was treated with nitrogen mus- 
tard at the beginning of pregnancy. 
Among these descendants the trait has 
been recovered in three different sub 
lines each of which had received subse- 
quent treatment with nitrogen mustard 
prior to discovery of the first fw animals. 
While it is conceivable that the mutation 
took place independently in each of the 
three sublines, it is far more likely that 


*Department of Anatomy, Stanford University School of Medicine. This investigation was 
supported by a research grant (#1385) from the National Institutes of Health, Department of 
Health, Education, and Welfare, administered by C. H. Danforth. The author also wishes to 
thank Dr. Danforth for his help and advice, and Mr. Frank C. Barrett for making the photo- 
graphs 
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Figure 20 


!—Dorsal view of the 
(Digit I not showing). B—A 
mouse approximately five days old. 


it occurred only in one member of the 
ancestral pair. the trait is rela 
tively inconspicuous, one might have 
suspected that it was carried unobserved 
in the stock prior to the treatment; but 
if that had been so, it should have been 
found in some of the collateral lines ir- 


Since 


respective of treatment, which has not 
been the case. Particular attention was 
this trait in the three 
sublines in which out of 869 animals, 
318 possessed the accessory ulnar ap 
pendage on one or both feet. In one of 
the collateral lines, S-br, the 
1,125 examined (905 from treated stock, 
220 from untreated) showed the trait. 
In both cases, all data are based on ob 
to the first 


given to one of 


none of 


servations made subsequent 
recognition of the trait and on young 
under two weeks of age. 

First results of preliminary 
suggested that the trait might be de 
upon a recessive gene 
exhibiting reduced Subse 
quent crosses have led to the conclusion 


CTOSSES 


single 
penetrance. 


pendent 


that the formulation of an hypothesis 
that will adequately explain the behavior 
of the trait presents several difficulties 
\mong these is the low average inci- 
dence of 51.6 percent in the offspring 
from the tu * tu matings (Table 1). In 


slender extra appendage on the left front foot of an adult mouse 
longitudinal section of the extra appendage removed from a 


three successive periods involving essen 
tially equal numbers of animals it was 
found that the incidence of the trait in 
the progeny of these tu & fu matings in 
creased from 39 percent in the first pert 
od to 47 percent in the second, and to 
69 percent in the third period. This grad 
ual increase in penetrance suggests that 
the stock may have been becoming pro 
gressively more homozygous for acces 
sory genes and that the average pene 
trance of 51.6 percent does not represent 
a significant value 

The incidence of 3.8 percent found in 
the F,; from tu &* non-tu is difficult to 


trait fu in 
matings 


Incidence of 
different 


TABLE I. offspring of 
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POLYDACTYL FEET 
Figure 21 
A—Pair of feet from a fourteen day mouse embryo: left showing square configuration of 


the ulnar margin, right showing extra appendage. 


B—Two right feet from approximately 


15-day embryose, each showing a well developed extra appendage. 


explain in connection with other find- 
ings. Another unexpected result of 
these matings is the difference between 
the incidence found in young from the 
F, & extracted tu (Fe) and those from 
I’; > tu of the inbred line. An animal 
manifesting the characteristic would or- 
dinarily be presumed to possess the same 
genetic factors necessary for expression 
of the trait regardless of whether it 
were an F. or a member of the inbred 
line. Reciprocal crosses show that sex 
apparently has no influence upon the 
expression of the trait. 

It would seem obvious from these fig- 
ures that no single gene can be held 
wholly responsible for the appearance 
of the trait. Several possible hypotheses 
have been tested with the hope of ex- 
plaining the results shown in Table I, 
the best agreement between expected and 
observed ratios being obtained on the 
assumption that there are at least three 
contributory genes, say x, y, and 2, vari- 
ously distributed in mouse stocks with 
the trait appearing only in animals pos- 
sessing the genotype xryyZz (or ZZ). 
Whatever the final explanation may 
prove to be, it is clear that several inde- 
pendently segregating genes must be in- 
volved, and it seems likely that the ini- 
tial appearance of the trait was depend- 
ent on the mutation of one gene (+ — 
tw) in an already existing complex rath- 
er than on the simultaneous mutation of 
a group of functionally related genes. 


Embryology 

For a fuller understanding of the genetics 
of the trait a discussion of its embryology is 
essential. Ages of embryos studied were de- 
termined on the basis of timing from the ob 
servation of a vaginal plug and/or the morpho 
logical characteristics of embryos of various 
stages as outlined by Gruneberg.’ Different 
embryonic stages from tw * tu matings reveal 
that the appendage is clearly detectable by 
the fourteenth or the fifteenth day of intra 
uterine life (Figures 21 A and B). 

Late on the thirteenth and early on the four- 
teenth day, prior to the time for appearance 
of the supernumerary appendage, the outline 
of the ulnar side of the front foot assumes 
a somewhat squarish configuration, not only 
in the tu * tu embryos but also in embryos 
of other strains of mice at approximately 
the same age (Figure 22). In the latter part 
of the fourteenth day and on the fifteenth day, 
the proximal angle which is responsible for 
the square configuration of the ulnar margin 
ordinarily smooths out giving the foot its nor 
mal contour. It is at this time that the ap- 
pendage, if it is to be present, first becomes 
apparent. Variation in expressivity of the 
gene can often be clearly seen in animals of 
a single litter and can be recognized at this 
time. In embryos of the fourteenth or fifteenth 
day it is also possible to determine whether 
the appendage will be present on one or both 
front feet. 

Two major questions arise from this em 
bryological study. One is why the appendage, 
if present at all, does not always appear on 
both feet, and the other is why it is not de 
tectable on the hind feet. Both of these ques 
tions appear to be related to the matter of tim 
ing in embryonic development. 

In the mutant family, in C57BL and in 
Swiss mice, normal regular toes begin to he 
apparent on the front feet on the tweifth day 
while those on the hind feet do not show dif 
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ULNAR MARGIN OF FOUR STRAINS 
Figure 22 

Camera lucida outline drawings of the ulnar 

margin of the right front foot in mice of two 

different strains and two additional substrains 


ferentiation until the thirteenth day. Examina 
tion reveals that the same square configuration 
which characterizes the ulnar margin of the 
front feet can be recognized on the fibular 
margin of the hind feet at one point in em 
bryonic development. However, it 
apparent at a later moment and is of shorter 
duration than the comparable square configu 
ration of the front feet, for it is not yet ap 
parent in most fourteen day embryos and has 
already disappeared in many fifteen day ones 
rhus, it may be that the hind foot, developing 
at a different rate than the forelimb, provides 
less opportunity for the organization of an 
accessory digit on its lateral margin. This 
may also aid in explaining the asymmetry 
in development of the appendage on_ the 
front feet, for the two front feet are usually 
not identical at any giveri moment, the right 
normally being in advance of the left, and it 
is noteworthy in this connection that 
cessory digit appears more frequently on the 
right than on the left; the actual incidence 
for the right foot only being slightly more than 
four that for the left foot 

1 
ony 

It is of 
proximately 


becomes 


the ac 


times as great as 


interest here to note 
thirteen day 
several 


that one ap 
S-br embryo which 
was abnormal in respects including 
cranioschisis and a_ potential harelip 
showed an enlarged divergent toe on the out 
side of the right hind foot very similar in 
morphology to the supernumerary 
on the front foot of a fourteen or 
tu embryo 

In 10 embryos of 13 or 14 days 
different strains and three hybrid line ‘ 
teratological abnormalities induced by nitrogen 
mustard morphologically similar to the 
tu appendage.! In four of these, the fifth toe 
right or left forelimb was reduced to 
a structure very much like the “extra toe” un 
der discussion in one case the left fifth toe 
on the left front and left hindfoot was repre 
sented by such a reduced anpendage. The fifth 
toe n the right two other 
somewhat reduced and pedun 


two case the fitt toe of the 


also 


innen | ive 
fifteen day 
Irom two 
ve ral 


were 


on the 


hind foot ol 
embryos was 


culated, while in 


147 
left front foot was absent, and the fourth toe 
was represented by a reduced appendage In 
addition, one embryo found to 
an accessory postaxial digit on both left and 
right hind feet. 


Was 


possess 


A morphologicaly similar appendage on the 
ulnar side of the forelimb was observed in two 
newborn C57BL mice out of the 5,083 exam 
ined under two weeks of age. In one case it 
was present only on the right 
in the other it occurred on both 
Longitudinal sections of the two toes from the 
one mouse reveal cartilage apparently organ 


forelimb and 


forelimb 


ized into a phalanx and there is also indica 
tion of subdivision of this cartilagenous region 
Chus, histologically these appendages are quite 
similar to the tw trait. Unfortunately, it was 
not possible to investigate the genetics of these 
two mice because of the early death of both of 
them. 


Summary and Conclusions 


In summary, it may be said that the factors 
influencing phenotypic expression of the super 
numery ulnar appendage are clearly complex 
No simple hypothesis suffices to ac 
An adequate interpreta 


average 


in nature. 
count for all of them 
tion would have to explain the low 
incidence of the trait in the inbred line, the 
fact that this incidence can be \ 
selection, the o 

of the trait in the F 
vergent ratios found when two phenotypically 
different ancestry 
lead to the 
ot several, probably all 


increased by 
asional unexpected appearances 
generation and the di 


identical individuals hay 
Embryological considerations 
conclusion that mice 
strains have actual potentialities in the way of 
toe development that are not ordinarily real 
It would appear that in this case certain 
a portion of the orig 


ized 
genes conspire to cause 
nal foot plate which would normally disappear 
sixth 
such 


to persist and develop as a rudimentary 
toe, comparable in it morphology to 
reduced regular digits as 
seems that the capacity for 
a generalized one which can 
reased, and that the ft 
<ternal agent may do 


balance nN re di 


abnormally ome 
times appear. It 
toe development i 
be augmented or de 
complex and even ¢ 
little more than throw the 
rection or the other 
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cestral pair which was subjected to treatment 
as a germ cell or very early embryo 
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statement to say the least. One questions the 
authenticity of a drawing (fig. 111) of a side 
view of metaphase I with what is purported to 
be a “heteromorphic bivalent with satellites” : 
the bivalent seems not heteromorphic, nor can 
one conceive that chromosome mechanics 
would allow satellites so to appear. Drawings 
“in which all bivalents have dissociated pre- 
cociously before metaphase I” (fig. 3, 4) may 
very well represent anaphase I with the vari 
ous chromosomes pressed into a single plane. 
A drawing (fig. 88) of metaphase II with 12 
chromosomes in one plate and six “multiple 
association of chromosomes” in the second 
causes a strain on our credulity: disparate 
relative sizes alone are basis for hesitant ac- 
ceptance of the interpretation given, More 
over, we have observed that certain bodies in 
moss sporocytes stain more rapidly with car- 
mine than other structures which are clearly 
chromosomes; we would not designate such 
bodies as chromosomes until we had (which 
we have not) treated them with the Feulgen 
or other selective method, The six entities in 
figure 88 would seem to us to be bivalent chro- 
mosomes; the 12 entities, the bodies that we 


fro 


m page 
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mention. And, finally, one simply does not 
know how to evaluate those instances in which 
the chromatids of anapahse I chromosomes are 
reported to separate to become independent 
chromosomes. 

If the several observations of the authors 
cited above are true, agreement with the au- 
thors comes hard that “the same patterns of 
cytological behavior” exist alike among mosses 
and higher plants. Yet, as indicated, I am 
skeptical of the way in which they have in 
terpreted some of the things they saw, and | 
would be very much surprised if the basic 
cytological patterns of these plant groups were 
ever proved to be different. There are too 
many critical papers that establish fundamen- 
tal similarities. 

In eight or more instances the authors use 
incorrectly the scientific name of a family with 
a singular verb, as: “The Thuidiaceae .. . i 
widely distributed geographically.” This quo 
tation illustrates the redundancy that 
characterizes the paper. 
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Asserting the theory that inheritance is the transmission of like forms of metabolism, the 
authors of this book gather together many facts and ideas from the fields of genetics and 
biochemistry, as well as from physiology, cytology, and embryology. It is the only large-scale 


correlation of genetics and metabolism available today. 
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Clear and understandable. . . 
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in any of the major fields from which material 1S drawn. 
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provides an illuminating survey for those readers who merely want to become generally in- 
formed in the field. Several chapters deal with fundamentals which will be found of importance 


not only in understanding the contents of this book, but of value in understanding other 


branches of genetics and biochemistry as well—for example, the chapters covering the gene 


concept, cell structure and function, mutation, and the problems of biochemistry. 
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